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1:i
ABSTRACT

This report presents physical and functional descriptions and
acouetical evaluation of various domestic and foreign silencere. and
silenced small arms weapons. Included are crods-sectional draw-
ings and external view photographs 'if all systems tested. An acousti-
cal evaluation oi each system is given in the form of far field sound
pressure-time records. All major constituents of sound signatures
are identified and time-correlated with their sources in the system.
Additionally, the report presents a record of silencing principles
and a theoret.cal analysis of the various noise generating phenom-
enon.
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INTROD UCTION

"Throughout the history of firearms, gun noise has been of con-
siderable concern to the military. Prior to firing, anti-:ipation of the
ear shattering affects tends to make the gunner flinch, resulting in
a consequent deterioration of his aim. After firing, the gunner is
usually in a state of temporary deafness. To the eneroy, Sun noise
reveals presence vand. often, the location of the firer, thus inviting
defensive or offensive reaction. From the above alone it becomes
evident that a "silent" weapon is to be iound indispenable in covert
operations.

Of the various noises associated with firi: . a conventional
small arms weapon, the most significant is the muxzle biast caused
by escape of prcpellent gases after the projectile exits from the
tarrel. Hunrdreds of patents, w.ar and police records, and other
literature are witness to the efforts, for nearly a century, to elimi-
aate small arms muzzlt blast. Notwithstanding time, eWtort, and
interest, no completely satisfaztory silenced weapon has yet been
produced.

The lack of theoretical literature on silencing a firearm testifies
to the still inadequvte understanding of the principles of sound gener-
a'jon anid Wtenuation in a small arms weapon, Perhaps the failure to
theoretically define noise problems can be attributed to the virtual non-
existenc:e of thorough and reliable experimental sound data f~orn
exisdtng silenced and unsilenced weapons. This lack of experimental
data is partia~ly due to only recent development of adequate sound
measuring equipmentl 8 * and r artially due to the corrplexity of the
problem.

This report is intended to give an insight into the present state
of knowledge 3f silencing a smal arms weapon. Essentially, the
contents consist of physical, functional, and acoustical data on an
array of silenc;d weapons felt to be represenitat' re. The tound eval-
uation presented here is cursory. primarily because of the complixity
of the protlem. First, the gun muzzle noise is only one** of the many
possible noises teing generated by eLuch given system. Second, the
sound of interest is directional and attenuates nonlinearly with distance.

*See Bibliography.
**See, for exam-ple Appendices A and B
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Third, terrain and weather hav, a palramowit effect on the noise being
perceived in the far field. Fourth, the physiological response of a
listener to a given sound is very strongly dependent on the background
noioe and on his current psychologice! state. Many of th,• above
problems are too involved; others i.re beyond the scope of present
theoretical knowledge. The rcsalts presented herein are only those felt
to be esser,.ial and experimentaily reproduciblt.

All sound measurements presented were taken in the far fieid
and direckly to the side of the weapon. This permitted application of
the linearized acoustic theory and precented an undistorted 5equence
of acoustictl events. The sound signature of each weapon eescribed
was reco.-dec' in pressure-time coordinates sufihciently• expanded to
show each major constituent of the muzzle noise. Identification of
each major !ound sourcp wvrs r.ccomplished through time-correlation
of the sound scope trace with the various weapon functions occurring
during the firing cycle.

A bibligoraphy of books, reports, and patents pertinent to si-
lencing a weapon 4s included for reference. 'Worx- pertaining more
to basic rcie'wes were included only when specific reference was made
to such works in preparation of this report. A few of the fragmentary
theoretical efforts, directly pertinent to silencing a weapon, are pre-
sented as appendi,:es.

SILENCER PRINCIPLES

Muzdle noise of small arms weapons, silenced or unsilenced,
occurs due to the following:

1. Air or propelleiat gis discharge preceding the projectile

exit. This consists primarily of the precursor wave pl-enomenon
and tne propellent gas blow-by (and, of course, ;:eflections of these
two inside the system).

2. Projectile emergence and abrupt volumetric displacement
of the air mass by the projectile at the weapon muzzle. This eifect,
although insignificant in unsilenced weapons, requires atlentirit in
silenced systems.

2
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3. Air or propellenti gas discharge (or inflow) following pro-
Jectile exit. This consists essentially of the initial uncorking of
internal system pressure, the subsequent discharging jet turbulence,
and the affects due to reflections of these inside the system.

The three noise sources are relatively independent of each other and,
consequently, require different techniques for their attenuation. Thue,
when designing or evaluating a silenced weapon it is usually necessary
to treat each noise source individually.

A projectile traveling ia a gun barrel accelerates and compresses
the air immediately atead of it. The precursor pressure wave thus
generated is substantial in most weapons, even the ones with subsonic
projectile velocities. Prior to exit from the gun barrel, the precursor
wave front generally consists of a shock which reaches a pressure of
several atmospheres. Upon exit from the gun. barrel, the precursor
wave gives r'ise to a positive sound pulse in the far field. The sound I
pulse is generally of a sawtooth configuration, beginning with a shock
and ending with an exponential pressure decay with time. In some si-
lenced weapons this precursor sound pulse constitutes the dominant
noise source.

The abrupt exit of the projectile Itself generates a substantial
noise in some silenced weapons. This is especially common in weap-
ons whose silencer exits are partially or completely restricted by
flexible materials, such as sponge, rubber, felt. etc. In these cases
the exterior surfaces of deforming flexible material and the moving
projectile generate sound. To a certain extent the same phenomenon

also exists when the projectile emerges through a hole in a baffle.
These effects can be expected to cccur even when the projectile is
neither followed nor preceded by high gas or air pressures. The
sound signature in the far field lue to abrupt projectile emergence
from the muzzle consists usuallyofanN-wave pulse. The magnitude
of this pulse depends primarily on the projectile velocity, diameter,
and length, and on the silencer muzzle configuration, *

In an unsilenced subsonic weapon, the hot propellent gases dis-
charging into the atmosphere after the projectile exit constitute the
dominant source of muzzle noise. The initial sound pulse is generally
similar in shape to the precursor pulse described above, but substantially

*This phenomenon is not to be confused with designations on scope
traces where "Projectile Exit" is meant to represent the general
time of an event.
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greater in magnitude. In many unsilenced weapons this muzzle
blast exceeds the limits of the firer's auditory safety and can be of
sufficient magnitude to stun him. In silenced weapons, the maj or
portion of the propellent gas generally escapes into the atmosphere
after the projectile exists from the silencer. However, by this time
the gases have expanded to the total volume of the system and the
gas pressure behind the exiting projectile is low with a correspondingly
low resulting sound pulse pressure. The sound pulse is again similar
in shape to the precursor pulse; however, it may be further modified b-
wave reflections within the silencer.

Blow-by it the leakage of propellent gases past the projectile
while it is still inside the weapon. This condition occurs due to any
significant clearance between the projectile and the gun barrel or
silencer. Since the accuracy of the weapon is generally impaired if
the projectile touches any hard surface after leaving the gun barrel,
most silenct . are designed with an adequate projectile clearance.
!n some silenct.- this clearance is so large that a good portion of the
propellent gas escalpes prior to projectile exit, and blow-by represenp.s
a significant sounc sowtrce In the system. The blow-by sound pulse -o
generally a positive shock, followed by an exponential pressure decay.
In come cases, when the projectile velocity is high, the blow-by can
arrive at the silencer exit at almost the same time as the projectile.
In this case the blow-bj sou.nd pulse will merge with, rather than pre-
cede, the main gas discharge sound pulse.

Theoretically, a gas or air jet discharging into the atmosphere
at a steady rate should not generate any significant noise. However,
due to turbulence, 0 vorticity, and reverberation witfun the jet orifice,
some flow fluctuation usually does occur. In some cases, this flow fluc-
tuation is a significant source of noise (jet plaaes, turbines, etc., are

examples). In silencers, jet noise is generally substantially lower
than precursor, blow-by, or blast noise. However, in some silencers
the jet noise becomes predominant. This is especially the case when
precursor, blow-by, and blast effects are substantially attenuated,
as in the Maxin and Sten gun silencers. The jet noise can also become

significant when the silencer baffle spacing is suc, that the baffled
chamber resonance corresponds to the natural frequency of the dis-
charging jet. In such cases both the amplitude and the dominant fre-
quency of the jet noise can be substantially altered by changing the
baffle spacing within the silencer.

4



Presently the exact relationship between a sound signature and
the corresponding effects occuring in a silu-nced weapon j- only vaguely
defined. It is known, however, that generally the magritude and
duration of any given sould pulse are primarily depend,-nt on the
area through which a quantity of propellent gas or air is discharged
to the atmosphere and on how this di'charge varies with time. *

In most silenced weapons the gas discharge area of interest is
the silencer muzzle opening. However, to predict the gas discharge
from the muzzle prior to projectile exit, consideration must also
be given to blow-by clearances, volume, and internal configuration
of the silencer. The gas discharge rate of a pressurized chamber or
tube is determined by both the discharge area and the stagnation
pressure of the gas. 2 The stagnation pressure varies inversely with
the volume containing the gas. Thus, the silencer volume becomes
a primary factor in determining the gas discharpe rate immediately
following projectile exit. Any significant change in the silencer vol-
lime results in a corresponding change of the projectile exit sound
pulse magnitude. In the case of system blow-by, the sound
pulse is more dependent on the blow-by clearances, although often
other factors also become significant. With the precursor wave,
much lower pressures are encountered, and the more dominant role
is played by silencer length. **

The propellent gas pressure can Llso be reduced by heat ab-
sorption. One method of effecting substantial heat absorption in the
silencer is to increase the contact surface between the hot propellent
gas and the heat absorbent silencer material. The heat conduction
is maximized by using materials with high heal. conductivity (a.g.,
copper is good) and by exposing the gas to the heat absorbent mate-
rial early in the expansion process when the temperature differential
is greatest. A good example of the heat absorbing technique is
found in silencers utilizing steel wools and wire screening. In most
cases, however, the heat absorption is limited by the short ballistic
cycle times encountered in small armc weapons,

Another method of effecting large heat losses in the silencer is
to introduce a foreign substance, preferably a highly volatile solid
or liquid, into the propellent gas just prior to projectile exiR from the

*Appendix C
"**Appendix D
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silencer. The subste.nce evaporateo by absorbing heat from the
propellent gas thus reducing the internal pressure. The
presumably successful application of this technique is to soak the
silencer wire screening in oil. Wate" is also usable, but may pres-
ent corrosion problems. The general principle, although not thoroinghly
investigated in the past, seenms to have good possibilities.

Frorra the foregoing it becomes evident that the sourd signatures
of most conventional silenced weapons are primarily determined by
the silencer length, volurme, blow-by clearance, and heat absorbing
capability. Since in most silencers the heat losses are small, the
usual silencer components (such as baffles, "devious passages."
etc.) have their main significA-nce oniy in altering or reducing blow-by.

Several exceptional silencing techniques* deserving mention
may now be added to the above described principles. H. P. Maxim,
in the early 1900's, patented and manufactured a relatively auccessful
silencer with specially formed baffles. These baffles chaineled the
expanding propellent gases into a peripheral motion within the silencer.
The generated vortex reduced the pressure at the center, thus reducing
the propellent gas discharge rate from the silencer. Although to date
the principie lacks conclusive theoretical and experimental verification,
superficially it seems sound. Except for the vortical gas motion, the
Maxim silencer performed according to the principles previously
described.

-Juring World War II, Germany deveioped several experimental
silencers. One interesting version incorporated conical baffles, equally
spacedI along the silencer and inclined rearward. Although this tech-
nique would not be expected to reduce the initial propellent gas die-
ch,.rge rate after projectile exit, it does have a natural tendency to

reduce the precursor and the blow-by. This reduction can be attributed
to the efficient inward reflection of all outgoing pressure waves within
the silencer.

Some of the above German World War II silencers incorporated
a flexible (sponge, rubber, etc.) disk at the silencer exit (patented
1936 in Germany). The disk clcses off the internal silencer cavity un-

less forced open by the exiting p.ýrojectile, In this way the propellent gas
is retained within the system uwtil it slowly seeps out. The rigidity of
the disk ideally would be such that the precursor, blow-by, and ex-
pandingblast pressures would not deform it and yet Lthe projectile could

*Appendix E
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force its way through. A variation of the technique is to distribute
a series of these flexible disks throughout the length of the silencer.
This design was utihzed in some versions of British World War II
Sten guns and Welrod pistols,

Most silencers discharge the propellent gas solely through the
silencer opening. A variation of this, not often encountered, is
discharging pressurized gas through the periphery of the gun barrel
or silencer. Although the technique a.s described in some silencer
patents was probably unsuccessful, with proper gas discharge dis-
tribi-ition and timing this silencer type could prove very effective
acoustically.

A few of the early silenced weapon patents described mechanical

means for restricting the rapid propellent gas discharge after pro-
jectile exit from the weapon. One of these prescribed the use of a
metal gate to close the gun barrel immediately after projectile pas-
sage. The gate in this case was to be driven directly by the propellent
gas following the projectile. O~her patents described the same
principle, but added a side-branch, gas-driven piston to activate the
gate. Another patent described a weapon in which the projectile was
driven by a piston of slightly larger diameter. The piston was to be
stopped at the chocked barrel muzzle while the p~rojectile woulct pro-
ceed to exit. In this way the piston would trap the propellent gas inside
the gun barrel. The patent did not prescribe ai- expedient method fcr
extracting the piston from the barrel. Still another patent described
an expansion chamber at the barrel muzzle which would allow expansion
and eventual trapping of an expandable piston driving the projectile.
The propellent gas was to be trapped behind the piston and gradually
releasaed through small openings in the chamber. Although all of the
above techniques seem sound, more often than not they are plagued
by insurmountable design problems. Even if the above systems could
be made operable, as described they would not be expected to effect
any exceptional attenuation in noise.

DESCRIPTION AND EVALUATIONS OF

SILENCERS TESTED

An array r'f readil' available silencers and silenced weapons was
tested at Frankford Arseaal. Since the inform-tion was collected over an

7



extended peri, ' of time, some ot the sound histories were recorded
at distances other than five meters. All measurements werc made
with either a Bruel and Kjaer(B&K),!/4 in'h (Model 4135) or an Altec,
1/2 inch (Model BRISO) condenser microphone. The microphone out-
put w'as fed into an oscilloscope (Techtronix) and photographed for
record. In a few cases the weapon st:tnd history was first recorded
by a tape recorder ',Ampex 351) and then transferred to the oscilloscope
and the camera film. In each case sufficient cross-correlation existed
between various transducers and recording techniques to render the
presented data, for all practical purposes, valid and reproducible.

Throughout the tests the -nicrophone, preamplifier, recording
equipment, and recording technique were found to have a paramount
effect on the validity of recorded sound data. Some microphone
systems were found to have insufficient response while others dis-
torted the signal with resonance. eoth Altec and B&K microphone
systems showed a pronounced tendency to distort the signal when
measuring low intensity shock waves. They were almost completely
free from resonance at higher sou.d le-vels. Although the specified
frequency responses of Altec andB&K microphones are, respectively,
11,000 and 75,000 cps, both gave rel;tively comparable results for
the purpose at hand. The tap.: recoi:.:rs are generally not recom-
mended for recording shock type sounds, primariJy because of their
slow response (usually not higher than 20,000 cps) and vulnerability
to overloading. With care, however, useful data can be r-corded.

Another problem encountered during the tests was the sound
reflection from the ground. Inc-ses where both the direct and re-
flected sound signals were rec-xrded, no perceptible loss seemed
to occur througl reflection from loose sand and sparse grass. The
reflected signal was simply slightly smaller in amplitude for having
traveled a longer distance from the source. Consequently, it was
found necessary to place the r.aicrophones andi weapon oufficiently far
from the ground to insure receipt of only the primary signal. The
further fronm the gun the measurements were taken, the higher the
microphones had to be plactd off the ground.

Most silen'ers and silenced weapons tested were intended for
standard su.:sonic ammunition, availabl commercially. Some
systems, howe,.er, re-,-ircd special -:rducefd charge cartridges. For
tests, these rounds -.ere preared with appropriate type and quantity
of propellant to yield pr jectile velocities substantially below the
apeed of sou.ad. Since in some cases the projectile velocities intended

S8



by the system designers were not known, it is possible that the pre-
pared and tested ammur.ition may have deviated slightly from that

intended. It is doubtful, however, that this factor could significantly
- alter the sound results presented herein, Some systems, such as

the Sten gun, were designed for standard supersonic ammuntion. In
these cases the barrel usually had propellent gas bleed holes to re-
duce the internal pressure, thus reducing the projectile muzzle
velocity.

It is appropriate at this point to describe the methods whereby
the wea.pon's major noise constituents, listed with each of the follow-
ing sound scope traces, were identified. In most cases the first
step consisted of examination of a sufficient number of the weapon's
scope traces to establish the recurrent character of the over-l weap-
on noise. Next, scope traces were taken with the whole weapon. ex-
cept the muzzle, w:apped with attenuating material (a suede leather
jacket was found to be a remarkably good attenuator). Noting

the noise components on the trace thus attenuated or completely e-
liminated, positive identification was made of the weapon's breech
noise and the first noise emitted from the weapon 'nuzzle. Following
this, scope traces were made with the weapon muz:le taped nver with
heavy elastic tape. This determined the relative. time of projectile

exit from the weapon.

The mechanical noisen cdue to the weapon hammer and firing
pin fall alone were determined by dry firing the weapon. In weapons
with detachable silencers, the precursar shock exit time was es-
tablished from scope traces of the weapon fired without the silencer.
Next, an impulse-time diagram was constructed fromn the scope
trace of the oerall unmodified weapon noise. This edtablished an
approximate relationship between ,he propellent gas dirchvrge history
of the weapon and antO the scope trace.

The times of the various r.oise-producir.g processes occur-ing
in the weapon during the ballistic cycle were calculated from the
known or estimated projectile travel-time history. Analysis of all
calcula,,ed and experimentally established data led to idertificaticn
of the major weapon r.oiue sources listed with the followrng sound

scope traces.

In practice, all sound measurements and loudness judgem-.nts

are made in the presence of sonie type if background noise. Although
the app-xrent loudness of A signal can often be altered substantially



by the background noise, presently there is no satisfactory means ior
predicting this masking effect. However, it is k.-iown that when the
sourd pressitre level (SPL) of a continuous signal exceeds the SPL
of background noise by more than 10 db, the effects of backgrox.,. I
noise, for all practical purpoat s, can be neglected. If the Jame

criterion iF assumed for transie.at noises, then masking of the w-.ap-
on noise by the backgorund noise should become significant only when
the background sound pressure exceeds about a third of the weapon
sound pressure. Al: Frankford Arsenal sowud traces were made with
the background r-oise wvell besow this limit.

Caliber . 22 HI-stiandard Pistol/French Silencer

The "French" silencer is a re-cently manufactured item, designed

for a caliber . ZZ or a slightly larger caliber weapo)n. In all respects
other 'han ti-•t its baffles are not perforated, this silencer of French
origin is Identical to a Parker-Hale "Sound Moderator" presently
being manufactured commercially in Bri:ain. History and exact
origin of the "French" silencer are unknown.

The all-metal silencer tested (Figures ý and Z) was adapted to
a caliber . 22 Hi-stand,•rd semi-automatic pistol by threading the
barrel. Inside, the silencer contained a series of metal baffles,

spaced 0. 43 inch apart. The first baffle was located Z. 37 inches
from the gun barrel -ouzzle, preiu.-ably to reduce etresses on the
baffles and to provide an initial expansion chamber. The projectile
passage diameter throughout the silencer was 0. 28 inch. Outside,
the silencer diameter and length were. respectively. 0. 94 and 7. 31
Inches. Table I lists some of the more important physical and func-
tional parameters of the Hi-standard pistol and the "French" si-
lencer.

Figures 3 and 4 show scope traces of the sound pressur.:-time
history of the pistol withokit the silencer tiring a Long Rifle cartridge.

Tl'etraceswverv reco:Jed five nieters frorn and direcly to the side of the
pistol rni'zzle. The three primary acoustical effects - Primer initiation.
precursor shock exit, and propellent gae blast - are distinctly visible on
the traces. The highest sound impulse and peak sound pressure level
(136 db) were due to the propellent gas discharge occurring after the
projectile exited the harrel. The peak sound pressure level due to

exiting of• thl' precursor shock was 113 db. T1,e primer initiation
sound pulse was appr.,ximately 9S db.
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TABLE I1 Camlber . 22 Hi-otandard Pistol/Fro-nch Silencer

Projectile
Weight (Long Rifle) 40 gr
Diameter 0. 2Z5 in
Velocity (at silencer exit) 1050 fps
Energy (at silencer exit) 98 ft-lb
Travel at peak ballistic pressure (estimated) 0. 4 inch
Travel in barrel 7. 0 inch
Travel time in barrel 0. 65 rns (approx)
Travel time in silencer 0. 55 me

Propellant
Weight (double base. flake, web 0.003 in.) 1.7 gr (1O. 2 gr

primer)
Chamber volume 0. 016 in. 3

Ballistic prem sure
Peak 24, 000 psi
At barrel muzzle (estimated) 1.000 psi

Silencer
Passage diameter (for projectile) 0. 28 in.
Weight 0. 25 lb
Free volume 2. 38 in. 3

Pistol weig)'t (without milencer) 2. 75 lb

Time between precursor and projectile exits from
silencer (estimated) 0.95 ms

13 ¶
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. The sound signature of a Hi-standard pistol with the French
silencer and using A Lz'ng Rifle cartridge is shown in Figure 5. In this
case the sotiu pressures were substantially lower tbar. withthe unsilenced
pisntol. The firstdistinct soundl perceivedduring the firing cycle was a pulse

K (pt 1, Figure 5) generated about the time the firing pin hit the primer.

Since at this time four successive functions - hammer fall. firing
pin striking primer. primer explosion, and gas lealrage rround the
cartridge case - occurred, the exract source of the first sound pulse
is not definite. However, experiments with other systems indicate
"that, generally, by far the loudest pulses are generated by the gas
leakage around the cartridge case and by the hammer fall. The
firing pin striking the primer is generally somewhat louder in weap-
ons r~ithout a hammer.

The next sound after primer initiation was the precursor wave
exiaing irom the silencer muzzle. This sound 1.ulsi (Ot 2), because
of its low amplitude, is barely distinguishable in the trace. Shortly
alter the precursor, the blcw.by pressure wave (generated by the
leakage of propellent gases past the projectile) exited. Exit of this
pressure wave gave rise to a pulse ot 117 dp peak SPL. The pro-
jectile exited the silencer 0. 3 millisecond after thr- blow-by wave.
Its exit was followed by the main efflux of gases, which resulted in
the positive pulse of 119 dp peak SPL. Following the projectile
exit and initial gas efflux, the steady discharge of propellent gases
gave rise to turbulence which, combined with reverberations within
the silencer, generated a prolonged noise (pt 5) of approximately
105 db peak SPL.

Sound signatre of the caliber . 22 Hi-standard pistol vithout
silencer, firing a SFhort cartridge, is shown for reference in Figure
6.

Caliber . 22 Silenced Hi-standard Pistol

Duri.ig World War II, the U.S. Infantry Board established
interest in silenced weapons. 37 A variety of weapons, including the
silenced c.aliber . 22 Hi-standard pistol (Figures 7, 8, and 9. and
Table II), were given consideration. It w.as concluded that all si-
lenced weapons were bulky and still detectable at close ranges. Be-
cause of low lethality, it is doubtful i; the Hi--tandard pistol described
herein found very wide application.
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TABLE 11. Caliber Z2 Sllanced HI-standard Pistol

Projectile
Weight (Long Hfle) ýO -
Diameter 0. Z25 In.
Velocity (at silencer exit) 930 fps
Energy (at uilencer exit) 75 ft-lb
Travel at peak ballistic pressure (estimated) 0. 4 ;n.
Tr&vel in barrel 6. 2 in.
Travel time in barrel 0. 65 ms (epprox,
Trave1 time in silencer 0. 2Z ma

Propellant
Weight (double base, flake, web ,.. 0. 003 in.) 1. 7 gr (+ 0. 2 gr

primer)
Chamber volume 0. 016 in. 3

Ballistic pressure
Perk Z4, 000 psi
At barel muzzle (estimated) 90 psi

Silencer
Passage dianeter (for projectile) 0. 234 in.
Weight (excluding gun barrel and Distol) 0. 63 lb
Free volume

Around gun barrel (including barrel holes) 1. 84 in. 3
In front of gun barrel 0.76 in. 3

Wire mesh volume
Rolled (around gun barrel) 0. 79 in. 3
Discn (front of barrel) 0. 35 in. 3

Gun barrel and pistol weight 2. 37 ib

Silencing of the H!-Ptandard r'atoJ has been accomplished
essentially by drilling the barrel and enclosing it in a silencing tube.
The barrel has fotxr longitudinal rows of "bl-ed" holes, 0. 125 inch
in diameter aad spaced 0. Z50 inch apart. The primary function oi
the holes, is reduction of the ball'stc pressure which, in turn, also
reduces the velocity of a supersonic Long Rifle cartridge below the

spesed of cound.

, ~22!



The silencing tvbe surrounds and -xtends beyond the pistol
barrel. At the rear it is attached to the threaded receiver extension,
while at the front it terminates with a threaded cap. Inside, the
tube contains a roll of brass wire tieshr surrounding the barrel and
a stack of vyire mesh discs extending beyond the barrel muzzle.. The
wire screening is presumably intended for cooling of the propellent
gases. Projectile passage through the front portion of the silencing
tube is 0. 234 inch in diameter. The silencing tube diameter and
length (beyond gun barrel) are, respectively, 1. 0 and 2. 5 in.

Figure 10 chows the sound pressure-time history of the silenced
Hi-standard pistol. The sound trace, Like that of the French silencer,
was taken five meters to the side of the pistol muzzle. As can be seen
from the scope trace, the pistol'smain sound sources were: primer
initiation (pt 1, Figure 10), bleed hole blow-by (pt 2), and projectile exi
(pt 3). The primer initiatioai pulse, which was predominatly due to
propeilent gas leakage around the cartridge case, had a peak SPL
of 98 db. The next sound pulse (pt 2) was gererated when the blow-by
occurring through the bleed holes exited from the muzzle. Although

this sound pulse had a relatively large impulse, its peak SPL was
only 101 dh. Shortly after, the blow-by wave, originated at the gun
barrel muzzle, exited. This event occurred almost simultaneously
with the projectile exit. The combined effect of blow-by and gas
discharge following the projectile exit resulted in a positive pulse
(pt 3) €-f 113 db peak SPL. Following this, several sound pilses occurred
(pt 4) due to propellent gas discharge turbulence and reverberations
within the eilencer.

The magfitude of these sound pulses varied from round to round.
In the majority o! ct.ses it was somewhat lower than that of Figure 10.
The general negati-,e trend of sound pressure after sound nulse (pr •)
was more consistent. reprei.enting the eventual decrease of propellent
gas discharge from the weapon. In Feneral, the relatively uncluttered
sound scope :race of the silenced caliber . 2Z pistol correlateC4 well
with its quiet performance.

Caliber . 22 Silenced AA1 Experimental rest Fixture

The A.I caliber .. Z silenced test fixture (Figures 11, 1 Z, 13,
and Table 111) was desifn.-• by Aircraft Armaments, Incorporated.
in 1965, The study "LLs conducted as part of a Frankford Arsenal
contract issued :o investigate unconvertional uso of small arms,
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TABLE IMI. Caliber . 22 Silenced AAI Experimental Test Fixtinre

Projectile
Weight 40 gr
Diameter 0.2 5 in.
Velocity (-c sileacer et) 990 fps
Energy (at silencer exit) 88 ft-lb
Travel at peak ballistic prseuurp (estimated) 0. 4 in,
"Travel in 'barrel 6, q in.
Travel time in burrel (estimated) ?, 72 ms

Propellat
Weight (double base, flake, web - 0. 003 in.) I. 7 gr (+ 0. 2 gr

privner)
Chamber volume 0. 016 in.

Ballistic pressure
Pea3 24. 000 pi.
At barrel muzzle (estimated) 130 psi

Silencer
Outmxdn diam.ater 1. 0 in.
Length 6. 5 in.
Weight (excluding action and gun barrel) 0. 5 lb
Free volume (including gun barrel holes) 4. 69 in. .

Total f'i.xtfe and sisencer wo.ight 1. 5 lb

TheAAl fixture ic essentialya, a.liber. 22 single shot rifl#- ,ction
with a 7-inch barrel. The barrel has a total of 28 holes of vraiotts
diameters driled along its length. The first fotir holes are erclosed
by a section of a Negator spring, presumably to givo adaptability
to both the Short and the Long Rife cartridges. Surrounding the bar-
rel is a silencing tube which forms an expansion space for the pro-
pellent ga•, escaping throtigh the barrel bleed holes. The expansion
space is divided by six baffioe which isolate each set of bleed holes

28



and thus prevent exceusive blow-by. Some chambera surrounding the
bleed holes contain i"loed steel wire mesh, presumably intended to
cuoo the expanding gases.

The perforrmance of the AAI silen•.ed Yixture is airnple in prin-
ciple. As the projectile travels down the barrel, the prnpellent gas
bleeds off through the barret holes and egpands intn the &pace around
the gun barrel. The expansion of propellent gas is accompanied by a
reduction in the ballistic pressure behind the projectile. By the tin-Ae
the projectile exits from &he barrel, the ?ropellent gas pressure has
been reduced to ýhtt dictated by the total expansion space (and slight
heat absorption). The lower pressure behind the projectile at exit
results in a lower initial propellent g.s discharge sound pulse.

The advantage of this design is that with proper sizec, num~ber,
and plac.ment of bleed holes, both the p.recursor and the blow-by
sound pulsea can be minimized. The system's disadvautages are: (I)
the premature propellent gas bleeding results in a reduction of pro-
jectile velocity; (2) the eventual abrupt uncorking of the barrel is
accoustically undesirable; anid (3) the prolectile (especially a lead
projictile) in susceptible to deformation and erosion by propellent
gases if bleeding is accomplished too abruptly or w.hile the gas pressure
is still high.

The sound pressure-time history of the AAI tent fixture is shown
in Figure 14. The trace was recorded fi-ve meters directly to the side
of the wsapon. As with the silerced Pi-standard pistol, the first sound
pulse (pt I, Figure 14) recorded corresponded to the time of firing
pin fall. The peak SPL of this pulse was 93 db. Since the time between
this eveat, primer explosion, and gas leakage around the cartridge
was small, the three eve.ets are not readily distinguishable on the
scope trace. However, the pulse due to leakage arouiad the cartridge
seems to be in the vicinity of 103 db.

The seccnd aad londest sound pulse (pt 2) was due to gas leakage
from the joint between the silencer tube and fixture breech. The gas
leakage, occurring as soon as the projectile vassed the first set of bar-
rel bleed holes, resulted in a peak SPL of 1I1 db. This sound pulse
co:ald be eliminated by a tighter fit between the tube and breech.

The next pulse (pt 3) was due to exiting of the precursor war.e and
the propellent gases which foumd their way through the bleed holes ahead
of the projectile. This souad pulse was relatively small, with a peak
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SPL of 201 db. Mhortly alter the precursor and blow-by. the pro-
jectile exited. This resulted in the main efflux of gases from the

muzzle and the consequent blast pulse (pt 4) of 114 db peak SPL.

Following this initial blast pulse were the various sound pulses emitted
fromra the muzzle due to the reverberations within the barrel and the

silencer. The last sound pulse (pt 5) was a ground reflection of the

pulse due to gas leakage at the silencer tube base. As can be seen,
reflection of the sound pulse from the ground (sand and spFrse grass)
occurred with almost negligible attenuation.

Caliber . 22 Hi-standard Pistol/ FA Silencer

The experimental silencer shown in Figures 15 through 17 was

designed by two Frankford Arsenal employees in 1967. It evolved
concurrently with the availability of low cost porous metal machining
stock. The porous metal manu'acturing techniqjzes, whic'h only re-
cently were refined, consist of casting the molt4'n metal iver a salt
configuration and dissolving the salt after the r.etal hardens. Pres-
ently, a nu-nber of metals can be cast into almost any porosity,
density, or shape. The silencer doscribed herein is probably a fair
representative of its t:,pe.

The caliber . 22 Frankford Arsenal silenctr vs tested with the
same Hi-standard pistol used for evaluation of the French silencer.
It is all-aluminum, and measureo 1. 4 inches in diameter and 6. 5 inches
in length. The silencer is machined from stock whtich is partially solid
and partially porous (Ftee Figures 15 through 17 and Table IV), Outside,

tht6 porous section of the silencer is wrapped with electrical tape, which
limits the propellent gas discharge to onl'/ the 0. 23 in. diameter
projectile exit at the silencer muzzle. Inside, the silencer consists
of three ch'nmbers of different lengths and diameters.

The oucrtanding characteristics of the caliber . 22 Frankford
Arsenal silenzer are small weight, low manufac.:uring cost, and rel-

atively quiet acoustical performance, The undesirable features of
the silencer are its bulkiness and high erosion rate, Other physical
and functional characteristics of the tested silenzer arelistedin Table
IV.

The general acoustical performance of the Frankford Arsenal
silencer can be surmised from the sound scope trac shown • i Figu:re 18
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TABLE IV. Caliber . 2Z Hi-standard Pistol/FA Silencer

Projectile

Weight (Long Rifle) 40 gr
Diameter 0. 225 in.
Velocity (at silencer exit) 1050 fps
Energy (at silencer exit) 98 ft-lb
Travel at peak balliatic pressure (estimated) 0. 4 in.
Travel in barrel 7.0 in.
Travel time in barrel 0.65 ms (approxý
Travel time in silencer 0. 47 ma

Propellant
Weight (double base, flake, web -. 003 in.) 1.7 gr (+ 0. 2 gr

primer)

Chamber volume 0.016 in. 3

Ballistic pressure
Peak 24. 000 psi
At barrel muzzle (estimated) l. 000 psi

Silencer
Passage diameter (for proJectile) 0. 23 in.
Weight 0. 47 ib
Total free volume 5. 6 in. 3
Total pore volume 4. 9 in. 3

Mean pore diameter (approx) 0, 04 in. "

Porous alumwium density 0. 043 lb/in. 3

Pistol weight (without silencer) 2. 75 lb

Time between precursor and projectile exis.
from silencer (estimated) 0. 90 mn
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(see Figures 3, 4, and 6 for sound scope traces 0o the pistol without
silencer). The main sound sources of the silenced pistol were primer
initiation (pt 1, Figutre 18), blow-by (pt 3),and gas discharge following
projectile exit (pt 4). The noise due to precursor (pt 2) was relatively
insignificant. The primer initiation Pound pulse (as previously de-
scribed) occurred due to gas leakage around the cartridge caqe. .'he
peak SPL of this pulse was 103 6b. The next and largest sound pulse
was that due to the exit of propellent gases which by-passed the pro-
jectile. This pulse had a peak SPL of 108 db. The projectile exited
approximately 0. 4 ms after the klow-by. The gas efflux following
the projectile exit gave rice ýo a sound pulue of 100 db peak SPL.

In general, the sound aignai'ure of the caliber . 22 pistol with
Frankford Arsenal silencer could be described a3 a relatively mild,
mtffled hand clap. The systern siuzxLded somewhat quieter than Cle
silenced Hi-standard pistol.

CUIlber . 30 M1903 Ri/le/Maxim Sileacer

The all metal caliber . 30 MCxxim silencer herein described was
designed by H. P. Maxim. The frst versins of this U. S. silencer
were patented and manufactured comriercially in 1909. At the time,
the use of the Maxim silencer wa-s considered by the Army, and
issue of two silencers per plat0oon wat recommended for training
recruits. However, due to the baliist;tc crack of the supersonic
round. the Mi-xim silencer, as vell ac several other designs, nver
found wide application. it is doubtful if, at that time, the use of a
modified (subsonic) cartridge was given much consideration except
for special missions.

The Maxim silencer version recently tested at Franldord Arsenal
(see Figures 19 through ZZ and Table V) is the "Miodel 15" supposedly
issued to National Guard units during World War 1. It Is approximately
9 inches long and 1 Inch in diameter. The silencer is 0. 16 inch eccen-
tric with respect to the rifle bore. It attaches to the military Sp:'i-ag-
field rifle by an end nut and two tapering half-sleeves. The (ron. rifle
sight must be removed aid replaced during the mounting ope'atibn.
Inside, the Maxim silencer is compo.sed of an initial expansion yhamber
followed by 19 equally spaced baffles., The bafflee are indented rear-
ward and off-center from the Ellez.cer and the rifle boriv axes.
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TABLE V. Caliber .3C 1.1903 Rifle/Maxim Silencer

'. JProjectile

Weight .lou.c) 175 gr
Dlaxnatez 0. 309 :n,
Velocity (at silencer eit', 1050 fpc
Energy (it slleree-. exit) 431" ft-lb
Travel at peak ballistic pressure (estmrnated 0.4 in,
Travel in barrel 22. 0 Zn4.
Travel time in barrel 2.. 3 ma (appI ox)
Travel tirne in silencor 0. 56 me

Propellant
Weight (M9 dcubl base, flake, .ub 0. 003 in.) 7.6 gr (+ 0. 5 gr

pr•imer)
•:bamber volume 0. 30 in. .

B3allistic pres'eure
Paak Z0, 000 psi
At barrel muzzle ((stirnated) 1,000 psi

Silencer
P,-isarge diametcr (for projec'iPie) 0. 375 in.
Weig,)t 0.63 lb

Free volumi- 4. 0 in. 3
Ojxtxi(.e dia•reter 1. 0 in.
Lengtf. (beyond gun ba rrel) 7. 0 in.

SRife weight (v.ichout silen•ce.) 9 lb

Time between precui sor and projecLile exits
from qilencer (enti-ated) 1. 44 rns

4z



The Maxim Wsencer baffle conflgura'ion induces the gases,
propagati;ag down the silencer, intor a vortical spin. No data seem to
be available on the acutai effectiveness oif the 1.'finciple. However, is
Is •.oncelvabke that pressureb at the kilencer projectile passage could
thua be subatantially reducrd. The Maxim silencer's acoustical Per-
forms.nce (Figure 25) isrmuchbettev thai would be expected from i a
clearances, volurne, and length alono. Thus, some effectiveness
ntzst be attributed to the silencer's eccerxtricity and the askew baffies.
Howevir. the value of the vortical spin principle still 4 emains qaes.
tionable.

11gure 23 shows the sound pressure history of the caliber , 30 MI ?03
fle withoul. the silencer, using a subsonic cartridge. As zan Lie seen

from the scope trace, the main sound sources are prucursor shock
(pt 2, Fig%,re 23) and propolent gas discharge following the projectile
exit (pt 3). The corresponding SPL, of these pulses are, r,ýspectively,
119 and 137 db five meto.rs to !he side of the weapon.

The sound prescure-' _-i history of the M1903 'rifle with the
Maxim silencer and subsonic cartridge is shown in Figurer _4 and 25.
`,he system's main noise sources are primer Initiation, precursor shock.
blow-by, and propelleic gas dimcharge after projectile exit. The perimer
Wnitir.tion noiseofrorr, firing pin fall to the first muzzle soundrs" shown in

Fig s 24. The absence of the usually high initial positive sonid pulse
su .- sts that gas leakage around the cartridge case is very low and
that moot oi the system's initial noise is mechanic¢l. Sound pulses
due to the blow-by end the propellont gas discharge after projectile

iti are shown more d&atiuctly in Figure Z5. Here the blow-by and
gas divcbarge pulses aye, respectively, 102Z ant 112 db peak SPL.
Following these pulses, there is a prolonged, seemingly random.
noise of appro.,iriately 10Z db -eak SPL due to gas discharge turbu-
lence and revei berat;ono ins.ie tht silencer.

The general oouwd history and apparent loudness of the tested
ai-dm siieucer tre comparable to the better silenced systems. Thio

i1 especially sifkafico't in view of thi relativei- hiZh projectile cnergy
(431 ft,.1b) sad vel•zity (1OS0 fps). Combining this with the sileucer s
adaptbility tW "ada: ,aonu, Its relatively small size, r.nd its
coustruction (requiring no mruinteaance or replacer.neut of parts), the
WW I Maxim silencer Is oua of the better item w tested at Frankford
Arsenal.
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Caliber . 30 Silenced MI Carbine -

The silcrced Ml carbine (Figures 26 and 27 and Table VW) was
developed in Enfield, England, about 1945. It is believed to have been
desigRed for the Office of Strategic Services. The carbine is manually
operated and takes standard supersonic ammunition. Because of its
bulkiness, manual feeding, and no. too impressive acoustical performance,
it is doubtful if the weapon was widely utilized.

Since standard supersonic ammunition was to be used ia the siienced
carbine, seven holes of 0. 125 inch diameter were drilled in the barrel
ciore to th-e breech. This allowed the gases to be bled off through the
holes, with a consequent reduction in ballistic pressure and projectile
muzzle velocity. The original barrel length was also reduced to ten
inches, presumably to minimize the final length of the carbine. The
carbine's silencer surrcu,,ds and extends seven inc/;es beyond the gun
barrel. Inside, the silencer has a aeries of conical baffles, plsitiored
throughout its whole length. The overall length and diameter of the
silenced barrel are 17 and 1. 4 in., respectively.

Sound pressure-time history of the tested carbine. live ineters
to che bide of the weapon, is shown in Figure 28. The main constitu-
eAls o: the noise are: primer initiation (pt 1, Figure 28), bleed-hole
blow-by (pt 2). gun barrel muzzle blow-by (pt 3), blast immediately
followi:ng projectile exit (.gt 4), and continuous noire emitted from
silencer after projectile exit (pt 5).

The primer initiation noise (barely visible on the trace) was
appro imately 94 db peak SPL and was primarily due to the hammer
fall. T'he gas blow-by around the curtridge case seems relatively
Insignificant.

Following primer initiation, the first significant sound pulse
(pt 2) was caused by tht exit of the pressure wave generated by the
gases finding their way out tlrough the barrel bleed holes. This was
a posi~ive cound pulse of 112 db peak SPL. rho secondary blow-oy,
which occurred at the gun barre! muzzle, exited the silencer approxi-
nately 0. 6 zr s after the bloed hole blow-by. This generated a postive
sound pulse of 122 db peak SPL.

The projectilh, followed the secondary blow-by by about 0. 4 ms.
The immediate accoustical effects associated with the projectile
exit ( pt 4) are barely distinguishable from the ficope trace. This is
due to the masking effect of reverberations within the silencer and

47



i.,,'

* i
, 

!I,

|5

U .



a

iv.

I
V

U.4.0'U I
Vo (
4�

(�J

Ci)

0

S..

1� i V

I
I

49

* F



TABLZ VI. Caliber 30 Silenced MIl Carbine

--Projectile
veight 108 gr

Diaamet~er 0. 306 in.
Velocity (at silencer exit) 1058 ips
Energy (at silencer exit) 270 ft-lb
rravel at peak ballistic presauxe (esti~nated) 0. 5 in,
Travel in barrel 9. 2 in,
Travel time in barrel 1. 30 me (approx)
Travel tinhe in silencer 0. 56 ma

Propellant
Weight (WC820 double base,, spherical granulation

0.013 by 0,0009 in.) 13 gr (+ 0.3 gr
primer)

Chamber volume 0. 062 in. 3

Peak ballistic pressure 31. 800 psi

Silcncer
Passage diameter (fcr projectilej 0. 375 in.
Free -volume 10. 3 in. 3

Carbine weight (withomt magazine)
Silenced 6 75 lb
Standard unsilenced 5 lb

Time between precursor and projectile exits
from silencer (estimated) 0. 41 ms
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diaeharge turbulence occurring at this time. An approximate value
of 119 db peal SPL, was assigned to the projectile exit pulse. Follow-
ing the projectile exit from the silencer, there wvae a continuous noise
of about 118 db peuk SPL. Tbas high frequency noise, which again can
be attributed primariily to internal reverberations, per'sisted for
iveral milliseconds. It is superimposed on a gradual trend into the
negative sound pressure region. This, of course, signifits the
eventual decrease of gas diacharge frcm the weapon;

To a subjective listener, the firing of the silenced carbine nounded
like a sharp hand c:lap followed by a distinct hissing sound.

Caliber . 32 Silenced Sleeve Gun

Little is known about the origin and history of the silenced sleeve
gun. It bears close similarity in design and workmanship (Fig~xres 29
through 32 and Table VII) to the caliber . 32 Welrod pistol. The sleeve
gua is a singlo shot item, requiring considerable time for reloading.
To reload and cock the weapon, the three rearmost threaded sections
have to be disassembled. Independent operations are required for
rechambering the cartridge and resetting the firing pin spring, The
weight (1. 7 1b) and general configuration of this gun suggest that it
was also intended ior use as a club.

Firing of the weapon is accomplished by moving a latch toward
the weapon mur.zle. A rod, attached td the latch and running along
tbh top of the sleeve gun, releases the plunger holding the firing pin
at the rear of the gw%. At the biite, tLe sleeve gun is provided with
an eyelet, prestnnably fora string to support the weapon in a coat
sleeve.

The internal configuration of th& sleeve gtu, except for dimensionis,
is exaf;tly the same as that of the caliber . 32 Welrod silenced pistol. *

The 3. 25 inch gun barrel contains a series of Z0 holes, 0. 063 inch in
diamy-eter, positioned in five rifling groove&. The holes lead into an
expansion chamber formed by the tube surrounding the gun barrel.
The tube also extends beyond the gun barrel muzzle by 2. 85 inches,
thus formin3 the forward silencer section. Inside. 'he silencer section
contains a series of metal and rubber baffles which provide the si-
lencing effect.

*See Figure 35.
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TABLE VIZ. Caliber . 32 Silenced SIeeve Gurn

Projectile
Weight 77 gr
Diameter 0. 315
Velocity (at eilencer exit) 700 fps
Energy (at silencer exit) OZ ft-lb
Travel at peak ballistic pressure (ectimated) 0. 35 lii.
Travel in barr-l 3, A5 in.
Travol time in barrel (estiniated) 0, 54 Ta

Travel tine in silencer 0. 34 ms

Propellant
Weight (Norma, ACP. double bate, web - 0. 003 in.) .3 gr (+ 0. 3 gr

primer)
Chamber O.0•6 .0n.

Peak ballistic pressure *4,000 psi

Projectile passage dlamteter
In steel baffle 0. 38 in.

In old rubber 1affes 0. 25 in. {approx)
In new rubber b,,.ffles X-suit

Free volume
Around gun barrel 1. 18 in. 3

In front silencer portion 1. 2 in. 3

Totml weapon weight 1. 7 lb
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"When ex:amined, the rubber baffles of the sleeve gun herein
described were already old so that passage through them was ap-
pro mrnately 0. 25 inch in diameter. Waen new, the rubber baffles
pr,.bbably ccmpletely c.losed off the silenccr cavity. Therefore, a
record was also made with a new baffle containing only an X-slit
through the center,

Figure .3 shows and identifies the various iiound constituents
of the tested caýliber . 32 sleeve gun with old baffles. Tha first small
sound pulse on tMe trace (pt 1. Figure 33) corresponded to the time of
primer initiation. This pulse, as well as other small pulses immediately
following it, was approximately 87 db peak SPL (unpublished data),
and was primarily due to firing pin fall. Vas leak-age around the
cartridge case seemed negligible.

The next sign.ficant sound pulse (pt 2) was emitted from the
silencer muzzle. It was identified as the pressure wave due to the
propellent gases exiting through the bleed holes and finding their
way ahead of the p-ojectile, The peak SPL of this pulse was 118 db,
the same as that for the caliber . 32 Welrod pistol.

The blow-by occurring at the gun barrel mizzle inside the si-
lencer followed the bleed hole blow-by by about 0. Z5 ms. This pulse
was 114 db p ak SPL. The projectile exited approximately 0. 3 ms
later. The efflux of propel.ent gas immediately following the pro-
jectile resulted in a positive pulse (pt 4) of 126 db peak SPL. The
positive souned pu~lse 0, 2 me after pt 4 was due to re-verberation in-

sidb the weapon.

The sound szope trace of the sleeve gun with new rubber baffles
is shown in Figure 34. As can be seen, practically all noise preceding
and following projectile exit was eliminated by the new baffles. Also,
the projectile noise was reduced to IZ0 dp peak SPL. In-general. the
sleeve gun with old baffles sounded lik- a somewhat loud srap. Fired
with new baffles, it soundd likewire snappy. bt• substantially quitter.

Caliber . 32 Silcnced We'rod Pistol

The caliber . 3Z pistol (7igures 35 and 36 ikvd Table VIII) bears
closw resemblance to the 9 r•vn Welrod pistol* developed ir, Britian

*See Figures 38 and 39.
5$
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TABLE VIII. Caliber .3Z Silenced Welrod Pistol

Projectdie
Weight 77 gr
Dlimater 0.315 in.
Velocity ("• silencer exit) 770 fps
E£nergy ýat silencer exit) 102 ft-lb
TiaveL in barrel 3. 9 in.
Travel time in barrel (estimated) 0. 54 me
Travel time in silencer 0. 43 ms

Propellant
Weight (Norma, ACP, double ba3e, web 0.003 in.) 3 gr (+ 0. 3 gr

primer)
Chamber volume 0.0 6 in. 3

Peak ballistic pressure 1.4,000 psi

Projectile passage diameter
In steel baffle 0. 375 in.
In old rutber baffle (when tested) 0. 25 in (approx)

Free iolume
Arotud gur. barrel Z. • in. 3

In front silencer portion 2. 5 in. 3

Total ;rstol weight (unloaded) 2. 5 lb
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during World War It. Externally, the prirnivy difference between the
two is that the caliber . 32 is somewh-%t smaller and do,•e not have a
trigger guard. The Welrod pistol is orte of thc_ few weapons specif-
ically designed to be "sClent. 11 It had been provided with a suitable
silencer and a relatively quiet breech mecharnism. Although its clip
ithe pistol handle) holds eiglit rounds, the pictol requires slow manual
reloading for each shot.

Internally, the caliber , .32 Welrcnr pistol consists of a metal tube

surrounding and extending beyond the plsto barrel. The barrel has
a series of 20 holes (0, 062 inch in diarr~etk-r drilled around its pe-
riph-iry. The holen are positioned in the five rifling grooves and
lead to the surrounding expansion chamber, This chamber is sep-
arated from the front silencer secticn by a L dffle which has 12 nioles
(0. 062 inch in diameter;. The silencer sectiovi, extending beyond the
barrel muzzle, is four inches long and contains a series of metal and
rubber baffles. The rubber baffles are spaced intermittently between
the metal baffles (Figure 35). The projectile passage diameter in the
xteel baffles is 0. 375 inch. The passage diameter in thz old rubber
baffles, when tested, was approximately 0. V; inc'l: when new, the
rubber baffles probably completely closed off the silencer interior.

Figures 37 shows and identifies the various sound pulses ger-
erated by firing the caliber . 3Z Welrod pistol. The main aound
pulses were due to primer initiation (pt 1, Figure 37), bleed hole
blow-by (pt 2), and projectile exit (pt 3). The high SPL (--12 db)
and positive nature of the first sound pulse (pt ý) ideixtify it at that
cauned by gas leakage around the cartridge case. The blow-by wave
(generated by the propellent gas by-passing the projectile through
the barrel bleed holes) exited approximately 0. 4 ms later. This
gave rise to the pulse (pt 2) of 118 db peak SPL. The blow-by wave
occurring at the gum barrel muzzle exited from the silencer approx-
imately 0. 3 ms after the bleed hole blow-by. From the scope trace,
ic is seen that this blow-by is almost insignificant. The last &nd
LUrgest sound pulse, with its poak SPL of 1Z2 db, was due to the
gas discharge immediately following the projectile exit. Following
thiu, there was a prolonged high frequency noise of about 104 db peak
SPL due to turbulence and reverberations within the system.

In general the caliber . 32 Welrod sound signature could be de-
scribed as a sharp snappy crack.
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9 mm Silenced Welrod Pistol

The 9 mm Welrod pistol, except for size, is externally very
similar to its caliber . 3Z counterpart. Internally, however, the
two pistols are quite different (see Figures 35, 36, 38, 39, arA Table

IX). The 9 mm Welrod barrel consists of two sections, front and
rear. The rear portion contains the gun barrelwhich has sixteen
0. 052 inch diameter bleed holes at its breech end, The gun barrel
is surrounded by a tube whichb totther with the threaded front
bushing, form, s an expansion chamber for the gases escaping through
the bleed I.oles. The front portion of the pistol barrel is essentially
the weapon's silencer. It attaches to the piesol by means of a threaded
bushing. The inside of the silencer Ptction contain. a series of
metal, rubber, anid felt baffles separated by a perforatted, spool-like
steel spacer. The passage through the steel baffles and spool is
approximately 0. 43 inch in diameter.

The pistol examined at Frankford Arsenal contained three
flexible baffles .. two rubber and one ftt. The projectile passage
through these baffles was approximately 0. 35 inch in diameter. When
new, however, the flexible baffles .robably completely closed off
the silencer cavity; therefore, reý_ords were also made vith new
baffles containing only an X-slit. Not knowing the condition of the
tested weapon, rmist firingi -were rrmade with a reduced charge car-
tridge (described in Table IX).

Figure 40 shows the sound pressure-time history of the 9 ram
Welrod pistol without the forward siltncer se;.:tion and firing the re-
duced charge round. The first noise detectable (and bazely visible
on the trzice shown) occurred at about the time the firing pin hit the
primer. This noise (pt 1, Figure 40) had a peak SI-L, of approximately
105 db, and was due to gas leakage around the cartridge case. The
next sound pulse (pt 2) was due to the pre.cursor shotuk exiti-g from
the gun. The high SPL of this pulse (131 db) suggests a possibility
of gas leakage pist the projectile. Any bypassing of the propellent
gas naturally reiniorced the precursor, giving rise to the high SPL.
The last pulse (pt 3) was due to propellent gas disclarge immediately
follow*ng the project-Ae exit. rhi.s pulse had a peak SPL of 131 db,
the isame as that of che precursor puls~e.

Thu sound performance of the 9 mm Welford with the nilencer
containing old bafflen is shown in the sound pressure-time tra.-ce of
Figure 41. Here the r-ain noise constituents were primer initiation
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TABLE IX. 9 mm Siienced Welrod PistoL

Prot ectile
Weight 115 gr
Dixnieter 0 357 in.
Velocity (at silencer exit) 6-40 fps
Energy (at silencer exit) 106 ft-lb
Travel at peak ballitic pressure (estimated) 0. 4 in.

Travel in ba.rrei 4. 7 in.
Travel time in gun oarrel (estimated) 0. 71 ms
Trcvel tim-. in atlencer 0. 60 ms

Propellant
Weight (M9, double base, f!ake, web ., 0,003 in.) 3 gr (+ 0.3 3r

primer)
Chamber volume 0.038 in. 3

Ballistic pressure
Peak ZZ. 400 ps.;
At first hole (estinated) 10.600 psi
At gun barrel muzzle (estimat td 2-00 psi

Silencer
Weight (front portion) 0.63 lb 1
Free voicne arounI gun barrel 2. 3 in. 3

Free volume in iront portion 4. 5 in. 3

Projectile passange diameter
Silencer spool 0.43 in.
in old rui,,:er baffles 0. 35 in. (apprcx)
Through rew rubber baftles X-slit

To:al pisto) weight (with the silencer' 3. S lb

Time between arenursor and projectile exits
from silencer :estimated) 0.91 rr.s
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(pt 1, Figure 41p, precursor exit (pt 2, blow-by e:dt (pt 3), and
projectile exit (pt 4). The relatively low SPL ,- 105 dbl of primer
i.t.ation suggests that leakage aro-ncd the cartridge case was much

rmaller tvan that of the caliber . 32 Welrod. The precursor sound [
pulse had a peak SPL of approximately IlI -1b. The blow-by wave, r
which originated from the propellent gases bypassing the pro-
jectile in the spocl spacer, constituted the second loudest sound
source of the system. This blow-by sound pul.e (pt 3) had a ?eak a

SPL of approximately 119 db. The last and largest soune putse
(pt 4) originated at the time the projectile %xited from the silencer.
It had a peak SPL of 124 db, and was due to the abrupt pror-ler.t

gas discharge following tne projectile exat.

A record of the silenced Welrod with nz,.w rubber bafflas. firing
a reduced ch:.rge cartridge, is shown in Figure 4V. A s can be seen,
the primer noise was nmaifected, but the precursor and blow-by
were praciically elimninated by the new baffles. Also, the projectile
exit pelse wa& reduced to 1 •G db p.ak SPL. Fig-are 43 ahows the
trace of toe silenced Welrod with new baffl~sx firing a standard 9 rr•'
NATO cartradge (silencer muzzle velocity - 930 fps). IPre the peak
SPI, of thr projectile exit was 125 db.

In general, the 9 mn. Welrod with old baffles sounded similar
to, altho,.%gh somewhat louder than, thke caliber . 3Z Welrod .istol. With
new baffles it sounded appreciably quiter than before.

9 mm Silenced Sten Submachine Guna

The silencc I Sten submachine guns (Figure 44) were first
developed and manufactured in Britain during World War U. They
were successfully atsed by both the British Commandos and the guer-,
rillas operating behind German lines. A few of the silenced Stens

eventually found their way into German handa but, contr•:y to strong
recurnm-rendations by some, the German High Command did nvt adopt
the Sten fox general use.* More recently. silenced Stervs were re-
portedly used by Allied troops in Korea.

Basically, the silenced Sten (designated Mark IIS) is a modified
version of a standard unsilenced Sten submachine gun. The mod-
ification consisted essentially of reducing the bolt weight, shortening

*t

However, see Appendix E.
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the bolt spring, and substituting the replaceable barrel with a si-
lenced one. Since the new barrel reduced projectile velocity below
the speed of round. the bolt modifications were necessary to insure
proper weapon operation and to maintain the rate of fire at standard
450 rpm. Some modified weapons reportedly had their breech in-
sulated with acoustical material, this to atteuuate the weapon's me-
chanical noise (Figure 45). Many versions of the silenced Stun barrel
are known to have been developed. Two types, both similar, were
tested at Frankford Arsenal.

Silenced Stan Darrel, Type I

The Type I silenced Sten barrel (Figure 46) consists ea-
sentially of a drilled length of stan'iird 4 inch long gun barrel and a
surrounding silencing tube which extends beyond the gun barrel muz-
:le. The gun barrel has six holes (3. 11 inch in diameter) located
0. 72 inch from the initial projectile base position, and opening into
the expansion chamner surrounding the gun barrel, The early bleed-
ing of propellent gases is primarily intended to reduce the velocity
of the standard supersonic round below the speed of sound.

The front end of the silencing tube forms the seconda,-y
expansion chamber, which a s divided by 30 straight, equally spaced,
metal baffles. The first and last baffles (0. 25 inch thick) consist of
stacked wire screen discs. The passage through the baffIcs provides
the projectile with a diametral clearance of 0. 040 inch. Outside, the
Pilenced barrel is partially covered by asbestoo rope. electrical tape,
and canvas cover to protect the hands from the tube which becomes
axcessively hot with automatic firing. The overall silenced barrel is
13 inches long ane I. 5inches in diameter. By comparison, the stan-
dard unsilen-.ed Sten barrel is only 6 inches long. Some of the more
significant physic~al and functional parameters of the silenced Sten
with the Type I barrel are listed in Table X.

On firing, the forward (and rearward) motion of the Sten
bolt terminates with a considerable slap. Thid in-plct of bolt against
breech and the consequent vibration of the weapon's various •omponents
generated pruolnged noise of about 100 db peak SPL, lasting a few
milliseconds (Figure 45). To avoid the overshadowing effects of
mechanical noise, the Frankford Arsenal sound tests were conducted
with the silenced Sten barrels held and fired in a special, relativtly
quiet, single shot test fixture (Figures 47 and 48)_ Since t!Oe rnecha•tica)
noise of the fixture is relatively low. the rccorde,-2 icfope traces ea-
sentially contain only the system muzzle noie.
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TABLE X. 9 rnm Sileaced Sten Submachine Gun, Type I Barrel

PrOj-1ctile

We:ght 115 gr
Diameter 0. 356 in.
Velocity (at silencer nxit) 1000 fps
knergy (at silencer exit) 258 ft-lb
Travel at peak ballistic pressure (estimated) 0. 3 in.
Travel in barr4l 4. 25 in.
Travel tia-n' in barrel (estimated) 0. 42 me
Travel time in silettcer 0.71 ms

Propellant
Weight(WCC-6I02,doublebase. weo,0. 003 i, ) 6 gr (4 0. 3 gr

primer)
Chambar volurne 0. 038 in. 3

Ballistic pressure
Peak 31,000 psi
At barrel muzzle (estimated) 250 psi

Silencer Characteristics
Passage diameter (for projectile) 0. 50 in.
Free volurne ir front silencer portion IA. 0 in. 3
Free volume around gu.n barrel 4. 4 in, 3

SIlenced barrel
Weight 2. 25 lb
Lenght 13 in.
Diameter 1. 5 in.

Standard Sten gun barrel length 6 in.

Total weight of sile-iced Sten submachine gun
(without magatine) 7. 7 lb

Time between precursor and projectile exits

from silencer (estimated) 0.3 me

t
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The sound pressure history of the Type I silenced Sten

barrel~fired with the test fixture is shown in Figure 49. Time coi re-

lation of the trace with the various functional effects occurring in the*

2ystern during firing Indicuted that the five principal noise sources

were: primer initiation (pt 1, Figure 491, precursor wave exit (pt 2),
blow-by exit (pt 3). projectile exit (rt 4), and reverberation and jet

noises after projectile exit (pt 5).

The primer initiation noise started and continued after

the firing pin hit the primer. The high frequency, long duration, and

low amplitude indicate that it was primarily mechanical in nature.

The peak SPL of this noise five meters from the system was appr,)x-

imately 93 db. The prect-rsor wave formed in the gun barrel exited

from the silencer approximately one r-s after the fi.ing pin bottomed.

The precursor sound pulse, although not very distinct, seems to have

had a peak SPL of about 94db. The blow-by wave, caused by gasss

by-passing and the projectile in the silencer, exited 0. 3ms later.

The sound pulse (pt 3) Jue to this blow-by had a peak CIPL of 104 db.

The projectile exited approximately 0. 4 me after the blow-by wave.

The efflux of gases following the projectile etit was fairly mild

since the event was barely distinguishable from the secondary acous-

tical effects (such as reverberations and turbulence) occurring at

this time. The noise generated during this event seems to have

been about 106 db peak SPL. Following the projectile exit, tnh.re

was a relat-vely random prolonged noise generated by the reverber-

ations inside the silencer and zhe jet turbulence. The sequence and

magnitude of the various sound pulses of this noise are incons, itent,

varying from round to round. In gener-, for any one given round

the mnaximum and average peak SPLs of this noise are in the vicinity
of I1 2 db and 104 db, respectively.

Although the silen':ed Sten barrel in somewhat bulky, in

general it compensates for this by very good acoustical performance

and long service life. To a subjective listener, tle system sounded

as an abrupt initiation and gradual cessation of a relatively mild hiss,

Compared to other silencers and silenced barrels with respectable

energy oututs, the Sten was one of the quieter systems tested 4t
Frankford Arsenal.

Silenced Sten BarrelL Tye II

Externally, the Type I and Type UI silenced Sten barrels

are almost identical. The two barrels are also similar in principle;
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I
however, each contains a slightly different set of internal components
(Figured 46 and 50 and Tables X and XI). The Type 11 is disting ,ishable
primarily in that its gun barrel is slightly shorter and contains two

sets of bleed holes; its -.ctal baffles (fewer in number) are somewhat

conical in shape; and, at the forward end, it holds three felt washers.

In the barrel tested at Franklord Arsenal, the front conical
baffles had been modified previously, as shown in Figure 50, pre-
sumably for experimental purposes. Acoustically there seems to
be HUith. apparent reason for this modification; if anything, it made!
the system slightly louder. Originally, acoustical performance of
the two barrel types was probably very similar.

Figure 51 showR and identifies rhe sound constituents of
tha silenced Type U Sten barrelsfired with the test action shown in
Figure 48. The trace was recorded five meters directly to the side
of the weapon. The first distinct noise recognizable on the trace
(pt 1, Figure 51) was a sound generated approximately when the firing
pin hit the primer. This series ofpulses, with its relztively low peak
SPL of 93 db, was essentially mechani-al in nature. The next sound
pulse (pt 2) was the first noise emitted from the silencer muzzle.
This pulse of 101 db peak SPL was genexated by the blow-!ýy occurring
through the gun barrel bleed holes.

The rext souri pulse (pt 3) corresponded to the timý: %'hen
gun barrel muzzle blow-by exited the silencer. This sound pulse
had a peak S/PL of 104 db. The next, and highest, sound pulse (pt 4)
was generated by the exit of propellent gas which bypassed the pro-
jectile through the modified front baffles. Exit of this blow-by wave
gave rise to a pulse of 113 peak SPL. The projectile exited approx-

inately 0. Cl mna later.

The initial efflux of gases following the projectile exit
resulted in a positive pulse (pt 5) of 104 db peak SPL. Following
this, the steadily discharging gas gave rise to urbulence which,

combined with reverberations within the silencer, generated a pro-
longed noise (pt 6) of approximately 100 db peak SPL, Characteris-
tically, this noise was of random nature, varying fioro round to
r'ound.

To a subjective lis ener, the Type II Sten sounded like
a clap-initiated, gradually diminishing hiss. In general, it seemed
comewhat louder than the Type I Sten.
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TABLE XI. 9 mm Silenced Sten Submachine Gun. Type II Barrel

Pr"ojectile
Weight 115 gr

Diameter 0. 356 in.

Velocity (at silencer exit) I000 fps
Energy (at silencer e:it) 258 ft-lb
Travel at peak ballistic pressure (estimated) 0. 3 in.
Travel in barrel 3. 1 in.
Travel time in barrel (estimated) 0. 3 ms
Travel time in silancer 0.91 ms

Propellant
Weight (WCC-6102, double base, web 0, 003 in.) 6 gr (+ 0. 3 gr

primer)
Chamber volume 0. 038 in. 3

Ballistic pressure
Peak 31,000 psi
At barrel muzzle (estimated) 400 psi

Silencer Characteristics
Passage diameter (for projectile) 0. 50 in.
Passage dianmeter in old felt baffles (when tested) 0. 3 in.
Free volume around gun barrel 2. 7 in. 3
Free volume in front silencer portion 13. 0 in. 3

Silenced barrel
Weight 2. 5 lb
Length 13.5 in.
Diameter I. 5 in.

Standard Sten gun barrel length 6 in.

Silenced submachine gun weight (without magazine) 7.9 lb
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9 mm P38 Walther Pistol/AAI Silencer

The 9 trnm AAI experimental silencer (Figures 52 and 53 ano
Table XII) was manufactured '3y Aircraft Arrnmrnents, Inc. about
the same time as the caliber . 22 silenced AAI tesr fixture (see
page 21). This silencer is adaptable to a P38 Walther pistol by re-
moving the front sight and securing the silencer to the barrel muz-
zle with an adaptor sleeve. Although it is rather bulky and acous-
tically not too irmpressive, its data are deemed useful for comparison
with other silencers and silencing fixtures.

The 9 rmm AAI silencer is essentially a simple~haffled, expansion
chamber, 5 inches long and 2. 5 in:hes in diameter. The steel silencer
housing holds eight baffles and nine spacers, all aluminum. Seven of
the equal chambers formed by the baffles contain loosely packed Pteel
wool, removal of which does aot see-n to affect the system acoustically.
There is a :'ubber diaphragnm with an X-slit at thia silencer muzzle,
presumably to restrict gas flow. At Frankford Arsenal this diaphragm
required frequent replacement as i'. was easily destroyed by the ex-
iting projectile. Later it was found that the diaphragm had little
acoustical tffect even when new, probably because it was too thin.

The outstanding features of the AAI silencer are its vezy large
volume (19 in. 3) and the surprisingly l.rge projectile clearances (a
0. 5 inch diameter passage for a 0. 35 inch diameter projectile). The
following sound data are from the firings made with a special subsonic
cartridEe (see Table XII).

Figure 54 shows the sound pressure-time history of the 9mrn P38
pistol without the silencer, recorded 10 meters to the side of the
werpon. The first sound pulse (pt 1, Figure 54) was due to the pre-
cursor exit from the gun muzzle. This pulse had a peak SPL of 127 db.
The projectile exited the gun muzzle approximately 0. 4 ms after the
precursor. The accompanying propellent gas discharge gave rise to
* sound pulae (pt 2) of 139 db peak SPL. The positive pulie (pt 3) is
a ground refleftion of the blast pressure wave.

The sound signature of the P38 pistol with the AAI silencer is
shown in Figure 55. The rmaain noise constituents of the system were
identified as: primer iritiation (pt 1. Figure 55), precursor exit
(pt 2), blow-by exit (pt 3),andprojectile exit (pt 4). The first significant
noise during firing was that due to gas leakage around the cartridge
case. The peak SPL of this noise was approximately 99 -b. The next
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TABLE X1I. 9 mm P38 Walther Pistol/AAI Silencer

Projectile 1 r
Weight 115 gr

Diameter 0. 356 in.

Velocity ( at silencer exit) 925 fpg

Energy ( at silencer exit) ZZO ft-lb
Travel at peak ballistic pressure (estimated) 0.4 in.

Trav21 in barrel 4. 35 in.

Travel time in barrel 0. 46 ms (approx)

Travel time in silencer 0. 43 ms

Propellant
Weight (M9. double base, flake, web 0.003 in.) 3 gr(+0. 3gr

prime )
Chamber volume 0. C;38 in. 3

Ballistic pressure
Peak ZZ 400 psi

At barrel muzzle 1,800 psi

Silencer

Passage diameter (for projectile) 0.50 in.
Weight 3 lb.

Free volume 19 in. 3

Pistol weight (without silencer) 2. 1 lb

Time between precursor and projectile exits
from silencer 0.43 ms
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sound pulse (pt Z) was generatedwhen the precursor e~ited from the
sIlencer. Its peak SPL was 105 db. The blow-by wae generated at
the gun barrel muzzle exited from the silencer after the precursor.
This blow-by pulse, with its peak SPL of 120 db. represented the
system's loudest effect. Tie projectile exited about 0. 2 rn& after the
blow-by w've. Gas flow at the silencer exit evidently was altered little
by the projectile since the event is not diocernable on the scope trace.
This, of course, was to be expected with the large blow-by clearances
and volume. To a subjective listener, the system sounded unquestion-
ably loud.

9 mm Walther MP1 Submachine Gun/West German Silencer

re MPK silencer (Figures 56, 57. and 68) was reportedly
developed in West Germany sometime after 19463, when the 9 mm MPK
submachine gun itself was introduced. Although somewhat bulky and
internally elaborate, it is ruggedlyconstructed, well finished, and
readily adaptable to a standard MPK weapon. The construction of the
silencer, its size and acoustical performance suggest that it was built I
as an experimental model-shop item. I

haternally, the MPK silencer (Figure 56) consists of a 10 inch
long by 2 inch diameter expansion chamber containing an elaborate
assortment of geometrically complex tubes, vanes, and cones. Except
for two steel end pieces and the steel turbine-like vanes, the silencer
is made entirely of aluminum. Beginning at the rear, the silencer
starts with a simple 1. 5 inch long expansion chamber, followed by a
tubular srool.out side-vaned at the rear and closed at the front. The
steel vanes forming one end of the spool are brazea to the alumintun
tube. After the spooi come two ccnes, an expansion chamber, and
another cone.

All Frankford Arsenal sound tests on the MPK were made
with special rounds loaded for subsonic velocities (Table XUI•. The
sound history of the MPK without the silencer is shown in Figure 59.
The weapon's rrmain nots-, like that of most other unsilenced systems.
was du.e to the prccursor wave and the projectile exit blast. The two

Positive Plser fivt rieerao to the side of the MPK were, respectively,
131 and 140 db peak SPL.
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TABLE XiiI. 9 mm MPK Walther Submachine Gun/German Silencer

Projectile
WeIght 115 gr
Diameter 0. 356 in.
Velocity (at silencer exit) 1000 fps
Ea.ergy (at silencer exit) 255 ft-lb
Travel at peak ballistic pressure (estimated) 0. 4 in.
Travel in barrel 6. 32 in.
Travel time in barrel (estimated) 0. 62 ms
Travel time in silencer 0. 79 ms

Propell.at
Weight (M9, doublebase, flake, web . 0. 003 in.) 3 gr (+ 0. 3 gr

pi imer)
Chamber volume 0. 038 in. 3

Ballistic pressure

Peak2240ps
At barrel muzzle (estimated) 1.400 psi

Silencer I
Passage diameter (for projectile) 0. 41 in. , 0. 44 in. *

and 0. 55 in.
Weight 1. 5 lb (approx)
Free volurmit 15.0 in. 3

Unoilenc~ed aubmachine gun weight (withoat magazine) 6. 2 lb.L

Time between precursor and projectile exits from
Oilencer (eb;imated) 0.69 me•s
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Although not visible in the trace of Figure 59, the MPK has a
relatively loud, prolonged, mechanical noise. This noise is due
primarily to the forward slap of the bolt against the breech and
consequent vibration of the weapon's mechanical components. The
sound trace of the weapon, fired dry. witliout a cartridge, is shown
in Figure 60. The peak SPL of the MPK's mechanical noise was
approximately 106 db five meters irom the weapon.

The sound history of the silenced MPKhfiring a subsonic car-
tridge.is shown in Figure 61. The system's first significant sound
(pt 1, Figure 61) corresponded to the time of pirmer initiation. The
first positive pulse of this sound (approximately 106 db), five meters
from the weapon, was due to the forward slap of the bolt against
the gun breech. Approximately 0. 2 ms after the bolt bottomed, there
was a second positive pulse of 114 db peak SPL due to rearward gas
leakage around the cartridge case. Following primer initiation came
the firut noise emitted irorn the silencer muzzle. This was a pulse
(pt 2) of 108 db peak SPL due to the exiting of the precursor wave
generated in gun barrel. The blow-by occurrirng in the silencer ex-
ited from the muzzle approximately 0. 4 ms later. This gave rise to
a positive pulse (pt 3) of 116 db peak SPL. The projectile exited
about 0.4 me later. This generated the system's largest pulse - 118
db peak SPL. Following this there was a series of smaller random
sound pulses due to reververationm inside the silencer.

Figure 6Z showc, essentially, only the muzzle noise of the
silenced MPK. The record was obtained by wrapping the weapon
with a suede coat. The effect can be seen most readily in the barely
visible primer initiation noise (pt 1, Figure 62) and the more clearly
defined precursor pulse (pt 2).

In comparison to other systems, the silenced MPK sounded
somewhat louder than the 9 mm Stensi and quieter than the caliber . 3Z
and 9 mm Welrods. Qalitatively, the MPK sound signaturc could
be described as a somewhat muffled cOap, immediately followed by
a diminishing hiss.

Caliber . 45 Silenced M3 Submachine Gun (Figure 63)

1Bel Laboratories Silenced Barrel

During World War I1, Bell Laboratories investigated si-
lencing of various weapons, including the caliber 45 M3 submachine gun.
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L:
A silenced M3 barrel (Figures 64, 65 and 66, and Table XCIV) was

designed and presented to the Infantry Board for evaiuation. Conclu-
sions from the tests were that the silenced M3 was quiet, but still
detectable at close ranges. A thousand silenced barrels were re-
portedly b'ilt and supplied for use by the Office of Strategic Services
(oss).

The Bell Laboratories silenced barrel consists essentially
of a drilled gun barrel and a silencing chamber surrounding and ex-
tenuP'g beyond the gun barrel muzzle. Along its length, the gun barrel L
has 48 holes (0. 25 inch diameter) which are positioned in four straight
rows. During firing, some of the gases are bled off through the
holes, with a consequent reduction in the ballistic gas pressure and
the projectile muzzle velocity.

The ailencing chamber is composed of two sleeves of
different lengths and diameters, connected by means of a reducing
bushing. The rear sleeve encloses a roll of wire mesh which sur-
rounds the drilled gun barrel; the forward sleeve, which extends
beyond the gun barrel muzzle, contains a stack of wire mesh discs.
The projectile passage thrcugh the wire mesh discs is 0.05 inch
in diameter.

The mechanical noise associated with firing the silenced
V.3 submachine gun is substantial, if not dominant. As with the Sten
gun, it was found more realistic to evaluate the silenced M3 barrel
withoat the overshadowing mechanical noise. Concequently, the
sound results eescribed herein were obtained with the silenced bar-
rel held in a special aiingle shot test fixture. * The following sound
records were rec, rded by an Ampex 351 tape reco-der before being
transferred to the oscilloscope and the camera film.

Fig'-ir.- 67 shows a scope trace of the sound pressure-time
history of a standard caliber . 45 M3 barrel (7. 5 inches long) fired
with a test fixture. The trace was recorded ten meters to the side of
the weapon. The two prominer.t sound pulses on the trace were due
to exitirg of the precursor wave (pt 1, Figure 67) and the gas dis-
charge following the projectile exit (pt 2). The two pulses were,
respectively, 115 and 130 db peak !:)PL,

Sound signature of the Bell Laboratories silenced bar-rel
and tent fixture is shown in Figure 68. The main sound pulses were:

*See Figures 71 and 72
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TABLE XXV. Caliber . 45 M3 Submacbine Gun/BeU Laboratories
Silenced Barrel

Projeceile
Weight 235 gr
Diameter 0. 450 in.
Velocity (at silncer exit) 768 fps
Energy (at silencer exit) 3]0 ft-lb
Travel at peak ballistic pressure (estimated) 0. 22 in.
Travel .n barrel 7. 4 in
Travel time in barrel (estimated' 0. 95 me
Travel time in silencer 0. 69 ms

Propellant
Weight (HPCI, double base, ilake, web- 0. 003 in.) 5 Zr (+ 0.4 gr

primer)
Chamber volume 0.061 in. 3

Ballistic pressure
Peak 20,000 psi
At gun barrel muzzle (estinmated) 200 psi

Silencer
Passage diameter (for projectile) 0. S0 in.
Free volume around gun barrel 7. 2 in. 3
Free volume in front portion 2. 5 in. 3
Volume, rolled wvre mesh (brass) 2. 9 in. 3
Volume, stacked wire mesh discs (brass) 2. 8 in. 3

Silenced b~rrel
Weight 2.63 lb
Total length 14. 2 in,

Standard M3 barrel
Weight Z. 5b lb
Length 7. 9 in.

Standard M3 3ubmachine gun weig)-t (without magazine) 8. 1 lb
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primer initiation (F•t 1, Figure 68), bleed hole blow-by exit (pt 2),
gun barrel muzzle blow-by exit (pt 3), aid projectile exit (pt 41. The
bleed hole blow-by (pt 2) and the gas discharge following projectile
exit (pt 4) constituted the main noise rources of the system. Bnth
pulses had a 107 db peak SPf,. The gun barrel muzzle blow-by re-
sulted In a sound pulse (pt :;j of 101 db peak SPL.

Although the Bell Laboratoricz' silenced barrel reduced
projectile velocity of the standard M3 submachine gun from 920 of
770 fps, tho. projectile muzzle energy still remained a respectable
310 ft-lb. This is only slightly less than the onergy of a caliber .45
pistol and 50 ft-lb more than the energy of the tested 9 mm silenced
Sten gun.

To a subjective listener, both systems (Bell Laboratories
M3 and the 9 mm silenced Sten) sounded comparable in loudness.
However, each weapon had its own characteristic sound signature -

the M3, a mild clap; the Sten. a distinct hiss. A disadvantage of
the M3 is that the wire mesh requires periodic cleaning and replace-
ment.

AMF Silenced Barrel

The AMF silenced M3 barrel (Figures 69 through 72 and
Table XV) is an experimental item manufactured in the 1960's by
Arnericaa Machine and Foundry Company (AMF). It utilizes a 5. 6 in.
long gun barrel and a 1. 25 in. diar0-eter silencing tube which surrounds
and extends 9 inches beyond the gun barrel. Whereas the space sur-
rounding the gun barrel is not ntiLzed, the fro.0 portion of the tube
forms the system's silencer. This front section is filled through-
out its length with closely stacked wire mesh discs, separated by
five irregularly positioned rubber discs. In the silenced barrel
tested at Frankford Arsenal, the projectile passage thro-agh the
rubber discs was approxmately 0. 5 inch in diameter. )riginally,
these discs probably partially or completely closed off the silencer
interior. The gun barrel of the AMF system is 2 inches shorter than
that of a standard M3 weapon. This, however, res.ults in only a
slight reduction in projectile velocity.

The AMF silenced barrel was tested at Frankford Arsenal
with a single shot fixture, shown in Figures 71 and 72, Figure 73
shows the scope trace of the sound pressutre-time hiatory of the 5. 6inch
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TABLE XV. Caliber . 45 M3 Submachine Gun/AMF

Silenced Barrel :4
Proje tile

Weight 235 gr
Diameter 0. 45 in.
Velocity (at silencer exit) 910 fps

Energy (at silencer exit) 435 ft-ll
Travel at peak ballistic pressure 0. 22 in.
Travel in barrel 5. 6 in.
Travel time in barrel 0.85 ms
Travel time in silencer 0.83 me

Propellant
Weight (HPCI. double base. flake, web 0.003 in.) 5gr (+-0. 4gr

primer)
Chamber volume 0. 061 in. 3

Ballistic pressure
Peak 20. 000 psi
At barrel muzzle 1, 600 psi

Silencer
Projectile passage diameter in wire mesh d'iscs 0. 50 in.
Projectile passage diameter in old

rubber discs 0. 50 in.
Free volurme (fornt of barrel) 4.9 in. 3

Free volume around barrel (unused) Z. 9 in. 3

Volump. stacked brass wire mesh and rubber discs 4. 5 in. 3

Silenced barrel
Wtight 2.5 lb
Length 15. 1 in.

Standard M13 barrel
Weight 1.25 lb
Length 8. 0 in.

Standard Mi submachine gun weight
(without magazine) 8. 1 lb

Time between precursor and projectile exits
from silencer (estimated) 0. 5f ms
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long gun barrel without a silencer. The trace was recorded ten
meters to the side of the weapon. The two prominent sound pulses
on the trace were due to precursor wave exit (pt 1 . Figure 73) and
gas discharge following the projectile exit (pt 2). The corresponding
peak SPL'o of the two pulses were 113 db and 130 db.

Sound pressure-time history of the AMF silenced M3
barrel (with old rub'-er baffles) is shown in Figure 74. The first
sound recorded upon firing the system was generated at the time of
primer initiation. The low peak SPL ("-93 db) of this sound indicates
that it was primarily mechanical in nature. The next sound pulse
(pt 2, Figure 74) was generated when the blow-by wave exited from
the silencer. This wave, formed by gases by-passing the projectile,
remulted in a peak SPL of I 27 db. Projectile exited from the silencer
approximately 0. 65 ma later, giving rise to the positive pualse ipt 3)
of IZ db peak SPL.

In general, firing of the AMF silenced barrel was ,:har-
acterized by a relatively shaip crack, Perhaps only slightly quieter
than that of a standard caliber . 22 Short pistol. Better acoustical
results would possibly have been realized if tl~e rubber discs were
new. However, the system's loudness would probably still be limited
byf noise due to abrupt emergence of the massive projectile. (See data
on 9 mm Welrod.)

CONCLUSIONS

The more important physical, functional, and acoustical data
of the tested silenced and uncilenced weapons are tabulated in Table
XVI. The peak SPL's of the various pulses in this table were taken
from the preceding sound scope traces. In cases where the sound
scope trace was recorded at a distance other than five meters, the
data were extrapolated for comparative purposes.

Although in most weapons the nmajor :ound pulse was generated
at tl'e time of projectile exit, there were aome weapons (such as the
caliber . 2Z Frankford Arsenal silencer, caliber . 30 carbine, etc.)
which gnerated the largest pulse becaust of blowy-bv. Some weapons
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(with gun barrel bleed holes) generated a large sound ptulse due to
bleed hole blow-by. In all weapons except the caliber .45 Btli Lab-
oratories silenced barrel, this pulse -rax secondary in magnitude.

The primer initiation peak SPL was found to vary 'rom weapon
to weapon. There were even 3ubvst.,%tial differences betv ean similar
"weapons. However, since in most cases the largest primer initiation
pulse was due to gas leakage aroune the c5,rtridge case, subitantial
differences in SPL could be attributed to miniute differences in car-
tridge chamnber clearance or simply to dirt accumulation in the weapon.
The highest primer initiation SPL was 'hat of tCe 9 mm MPK (114 db)0
The caliber . 3Z sleeve gun had the lowest initiation pulse with a peak
SPL of only 87 db.

For some of the silenced weapons, sound scope traces were
taken at various distances (1, 5, and 10 ineters). Although the data
are not included herein, it ir wort.h mentioning that with sonme silenced
weapons the peak SPL readings at I and 5 meters were found to differ
by asmuchas 18 db. This is a 4-db greater attenuatioi than woud be
expected from a simple spherical expansion. From 5 to 10 meters,
the peak SPL of some weapons was attenuated by nearly 7 db instead of
the normal 6 db. It was also noticed that wi~h distance, vome changso
occurred in the general shape of the various sound siLLals. In each
case many of the short sound pulses tended slowly to coalesce, thus
defining more and more clearly such pulses as precursor, blow-by,
etc.

The above effects can be attributed to the fact that high sound
pressures propagate at a slightly faeter velocity than lower sound
pressures.* Although the phenomenor, may bear little significance
in general acoustics, in Frankford Arsenal tests it was found suffi-
cient to induce a slow, but noticeable, change in the shape of the
various major pulses toward that of a balanced N-wave.

Throughout the sound tests, efforts were made to note how each
weapon sounded to a listener, particuarly in terms of quality and re-
lative loudness. These Impressions were later compared with the
corresponding sound scope traces. Although, at most, only several
listeners were involved, the consensus is nevertheless interesting.
Almost invariably sound signatures with one or several shock pulses

*See Appendix C
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sounded sharp and snappy; the signatures containlng a. is ge number
of pulses or simply mcre 'hash" also sounded snappy, but less
sharp. more prolonged, more muffled, and more rarairn in quality.
Sound signatures which were predominatly "'hash" (such as those o(
the Sten, Maxim, and carbine) sounded like an abrupt initiation of a
hiss (or hish). All sound signatures cortaining distinct and Lecog-
nizable shocks seemed more piercing.

Although the quality of each sound tignruture was definitely rec-
ognizable. the primary factor determining the relative loudness was
found to be the signal's peak SPL. * Whether by coincidcnce or design.
the weapons with higher peak SFL a1most invariably sounded louder
and -1ftore perceptible. This, of course does not discount the fact
that there may be other dcmirant factors affecting a given weapon's
detectability at large distances. As an. example one could consider
the faster attenuation of short pulses with distance.

Compiled experimental sound data i icate that Zhe better si-
lenced systems registered a peak SPL of approx~mately 110 db five
meters from the weapon. In most weapons, the main sound source
was the abrupt discharge of propellent gas. In some weapons (those
with flexible baffles) the noise due to gas discharge wta relatively low;
howuver, the abrupt projectile emergence at the muzzle generated a
noise just as unde3irable. The precursor wave of an unsilenced
weapon generated a peak SPL in the vicinitr of 120 db. Most of the
straight-through silenced weapons tested attP.nuated the precursor
down to about 90 db. The me,..hanical noise was found to devend on
system design. In some of the qieter weapons, mechanical noise was
in the vicinity of 90 db.

Evaluation of the compiled experimental and theoretical data
indicates that a siienced system quitter than the weapons tested at
Frankford Arsenal is feasible. Howcver, a system with noise level
below 90 db L.t five meters will most likely evulve gradually and only
with a fuller understanding of the noise-generating mechanisms.

RECOMMENDATIONS

1. Conduct analytical design of an optimum silenced small arms
we-pon based on experi'inntal and anaiytical data generated to date.

*See Appendix F 1Z3



2. Continue otnalytical study of noi. se-generating and attenuatin&,
mechanisms in small arm weapons.

3. Acoustical evauation of small arm weipons should be based
on identification and interpretation of individual noise sources de-
termined from osciil',.cope traces of the overall weapoij sound history.
reak sound pressure level should be established as a factor of primary

-.gnificance.
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APPENDIX A
BALLISTIC CRACK FIELD

Whin a supersonic projectile exits an unsilenced gun barrel.
the uncorked propellent gases generate a spherically empanding blast
wave. The wave initi•lly bypasses the projectile; however, dissipating
rapidly. it slows downto aimost sonic velocity and is overtaken by
the projectile within & maater of a few feet from the muzzle, Later.
in the free far field, the initial projectile lag is oversbadowed by the
linear geometric exp.nsions, and projectile, muzzle blast, and bal-
listic crack acquire app.roximately the proportion&a relationship shown
below.

KJZM, MLAST

SUZUE BLAST bA.sSZD
OVER BY¥ BAUISTIC

-,5ALLJS(!C CIACZ

Here .he sound fil.Id consists essentially of ballistic crack, muztile
blast, and mutzlc blast passed over b-. Lallistic crack. The acous-
tical significance of ballistic crack and .•uzzla blasthavt been pre-
viously considered.,* It only remains to mention that ade section of
muzzle blast wave, hiving been passed over by the ballistic crack,

*See Appendix C &.d Referent, 46,
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essentially suffers only slight refraction and scattering by turbu-

lence.

In the far field. th* ballutic crack cone is nearly tangentlal to

the b2ast wave aphere.

The angle between the ballistic wave envelope &nd the projectile

trajectory depends solely on the projectile velocity-46 It is expregsee,

by:

where M = mrojectile Mach No.

The azimuth angle from the weapon to the tangency point of

blast and ballistic wave envelopes is expressed oy:

The plot of the ballistic crack field hall-angle. 9. is shown below.
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Thus, it is seen that~with the usual supersonic projeclile velocities,
the ballistic crack is confined to approximately a 130" cone to the
front of the waapon. The cone increases to 160' with projectile
Mach number of 6. At Mach 1. 5, the cone decreasen to about 100,

Aid at Mach I it vanishes altogether.

The above data find application when silencing a supersonic
weapon. Thus0 although the silencer will effectively attenuate muzzle
biast the usually loudt and far raaging ballistic crack will still persist
within the dcfined frontal cone. To the side and the rear %ill be
heard the i'o.newhat weaker, spherically expanding ballistic crack
reflectitig from the weapon.
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APPENDIX B

SUBSONIC PROSECTILE FLIGHT NOISE

Subsonic projectiles generate noijse in flight. Although this
noise is much quieter than that of supersonic projectiles, it can be
quite loud an.' detectable at large distances from the projectile
trajectory. To the side of the passing subsonic projectile, one hears
the characteristic swish; first increasing, then diminishing it in-
tensity. Although thisnoise, likeall turbulence-initiated noises, can
have a seemingly rardom quality, in the far ficId it is generally foun.d
to be periodic. Its frequency depends primarily un the flow velocity
and the diameter of obstruction in the flow; however, as will be seen•
several other factors must also be given consideration. A typical
subsonic, small calibe,. flat based projectile geuerates about 95 db
peak SPL at 10 meters from its trajectory. In comparison, the
more streamlined projectiles are generally found substantially
quieter.

The basic noise-generating mechanism of subsonic projectiles
consists, briefly, of the following. Througho'At the projectile flight
a. certain amount of air within tht turbulent boundary layer follows
the projectile. (See simplified figure below.)

- -1 , - DETACEMh VO1M!X
V 10

"ýTURMILVIT BOXJNDA&Y IAYER

The velocity differential between the surrounding air and the air
traveling with the projectile generates shear forces which accelerate
tl.e air within the boundary layer into a vortical spin. The attaehcd
spherical vortex size increases simultancouwdy with incr-ased spin
until the vortex is finally warhed downstream. Thus. the amount of
air traveling with the projectile decreaseea and the process repeats.
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The energy of the attached spherical vicrtexZ7 propagating at

the velocity of the projectile is

Ev b3 Po Vz (1)

where

b = vortex diameter, projectile wake diameter;

po = air density;
"V = projectile velocity.

The energy expended by the projecti!e to generate a single vortex is:

Ebf. Cb ( 4n 0 V ' (2)

where
pVZ

Cb = projectile wake area drag coefficient. Pb/--;

f = proJectile vortex shedding frequency.

Upon equating the above two equations, it is found that

L f 10 b(3)

Thus, the projectile vortex shedding frequency acquires the familiar

form of Strouhal frequency. f = (const) V/b. For flat tailed projectiles,

Cb has a typical v&lue of 0. 2. When the flow is fully attached, which

is the case with projectile boat tail tapers not exceeding about 15,

the wake diameter c i generally be assumed equal to that of the pro-
jectile base flat. If the flow separates before the tail end, then the

wake cross-section area can be taken av approximately the average
projectile area between tail and point of separation.

Representing the sound generating projectile as a moving
monopole source, the far field sound pressure to the side of tne pro-

jectile becomes

4~r d(42
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where

r = distance from projectile trajectory;-
dtm,- time change of air mass now rate from and toward

projectile.

The sound pressureas a function of time.cin be represented by

P r Pm sin Zvrft (5)

where

Pm = ptak sound pressure:
t = time.

Combining Equations 4 and 5 and integrating, the air mass flow rate
at the projectile is found to be represented by

cos ZnTft. (6)

Integration of above eq.ation over a time period of half a cyclo yields
the periodic change in air mass attached to tbR projectlie as

M = Zrpm (7)
iVf

Thus, the peak sound pressure as a function of frequency and period-
ically transferrable mass becomes

Prn = W

Butthe transferred rmass a't the projectile is that ot the spherical
vortex; i. e.,

M b3 (9)
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Combining Equations 3. a. and 9, the peak sound preasure generated
by the subsonic projectile is found to be

49P2 b o.•V

Pm- 4t20 rb (10)

Thue. knowing the projectile uhape and velocity, Equation 10 may be
used to estimate the peak sound pressare. Comparison of such
estimates with experimental data available to date* from a few
variously shaped projectiles Indicated reatively good 3greernent.

Unpublished Frankford Arsenal data
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APPENDIX C

GUN MUZZLE BLAST

In the far field, a noise gencrating tube can often be treated
as a simple acoustical monopole source; 2 6 . 3 4 that is, its sound
diverges as a symmetrical sphere. Ithis is most readily borne ouft
by the schlieren photographs of discl-arging shock tubes and abruptly
uncorked pressurized cylinders (i.-Acluding small arm weapons). 5- 18

Each of these cases aLkncst invariably shows the initial shock. expanding
spheical.ly frormi the tube mouth. It may naturally be further inferred
that the air or gas behind the expanding shock also moves spherically
away irorn the cource.

Physically, a moaopole sotirce can be envisioned as a spherical
baloon expanding or contracting uniformly in all directions, thus gen-
erating sound pressureswhich also diverge unif3mly in all directions.
The far field cound pressure for such a source is given by

P 41r T(1)

where

p = far field sound pressure
0 = ambient air density;
r = distance from source;

Q = volume of ambient air being displaced by source;
t = time,

Algebraic manipulation and integration of the above equation yields

0 dQ
fpdt = ýo ' Q-

where

dtQ= instantaneotis air volume displacement rate at the source;

cdt umu1tive area under the sound signal's pressure-
time trace.
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With a scurce (such ae a pornus sphere, a nozzle, etc.) of constant
discharge area emitting gps, the air displacement de.pends on the quan-
tity of gar. being discharged and on how this gas expands from discharge
to atmospheric pi essure. In cases of interest the expansion process
is generally very nearly ioentropic. Thus, the instantaneous air
volume displacement rate can be exrressed by

"a- Ao t Aut (3)

where

Pt absolute pressure of gat at discharge;

Po = ambient air pressure:
y = gas ratio of specifL,- ),eats;
At = gas discharge area;
ut = gas flow velccity at discharge.

The sound signal pressure-time area becomes related to the
source gas flow pararneters :y

jipdt = iL' .... (4)

Thus, it is seen that the cnlmulative sound signal im, pulse is directly
proportional to the volumetric air or gas flow rate at the source.
That is, the positive and the negative sound pulses represent, re.-
spectively, an increase and a decrease in gas flow rate. Farther,
since a given increase in gas flow must eventuaUy be followed by an
equal decree re in gas flow, it follows that a transient iignal must
necessarIly consist of both a positive and a negativc portion. Each,
however, may be variovsly distributed throughout time. Although
Equation 4 is su:ficient to describe the sound field due to change iq
gas flow over a finite time, it ia insvfficient for application to proS-
lems involving abrupt initiation or cessation of gas flows.

Consider a point source of spherical discharge area, At. If
the source abruptly starts and continues discharging gas at a steady
rate. a sawtooth sound pulse will emanate from the source (see
sketch).
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'Xo r x

Steady flow conditiona will be establitshed behind the sound pulse,
where gas flow rate wil be

Atptut = Apu (5)

where

At = source gas discharge area, 4nb2:

Pt = gas discharge density;
ut = gas discharge flow v.elocity;

A. P3 u = area. denaity, and flow velocity at some diatance from the
source.
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If, at the source, the discharge conditioas are supersonic, i. e. ,
flow velocity is equal to local sonic velocity, tien in the range
b :. x ! xo,

= ((6)

and

u ( = 2Y (7

From Equations 5, 6. and 7,

2YP A t V4•- = 
(+

and

U = ___(•Y+ ! 19)

where

Pt = absolute pressure of gas at discharge;

at = discharge sonic velocity;

x = distance from center of uource;

P,a = absolute pressure and sonic velocity at some distance, x,
frorri source.

At distance xo from the source, the gas will have fully expanded
to atmospheric pressure. At this location, x = a

P P. (10)
0

From Equation 8,
'- \y + 1

At tA (Pt) +
4/
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and from Equation 9.

o -o 
(1 2)

where

uo = xlow velocity at pt xo.

P = ambient air pressure.
0

Beyond the distance Xo, the gas remains at constant density and

atmospheric pressure. Thus, for xo ! x,

P P: 0

and

=pt( P (14)

and, from Equation 5,

lategrating Equation 15 for the boundar'y conditions of x =xo at

x 0•
1113 V + 3y-1

t ru (P) o 4YXX 0  
3 u: + I At Pt 3V 4 \ 7  t+ 1 (6

I. o"- 0 FO I ,T-tand t(o

U - 0 ~ (17)
3uY t + I

which describes the location and velocity of a given discharge gas

pe.rticle with time. Consiier now an a*oruptly initiated gas flow
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and the air particles immediately In front of the advancing gas front.
The air velocity and location can Le described by Equatiois 16 and 17.
The pressure of the air is related to its velocity. Thus. if it is aasurned

that the air ac.quired its ve!ocity by virtue of a pas ning &hock. 2 9 then
the ov•rpresgure will be given by

++ F __. __ -I+"-m

where

M = u/ao, air flow Mach No.

AP = static gauge predsure.

For M ý1 the overpressure rrnay be esti'.nted by

Y+ I
p Y ----- Y(19)

If It is oassumed that the ar in front of the A1vaneing gas front acquired
Its veoýl ity through ilsentropic wave cormpression. th,'n the over-
preseura can be expressed by

ZV

A P I + M] 2 11 (20)

F .r M e 1, this overpressure may Le estimated hy

&~P *1 VP 0 MI (ZI1)

Whichever case is assurned, shock or isentropic wave compression
ithe ^ctual case will be torneplace between the two), it is evident
toiat a reasonable overall representation of the overpressure in
terms of velocity is obtainable with

kZ
AP klM (22)

wher"'

ka and k, appropriate constants,
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Now, a spherical pressure wave diverging from its scurce can be
described by

p = X(23)

r

where

Lp = overpressure at given distance x fro-n center of source;

p = overpressure (or sound pressure) at distance r.

Substituting Equations 16, 17, and 21 into Equation 23, the far field
sound pressure due to abrupt initiation of gas flow becomes

YPOxOu 0

P = a. a 0  Pn (24)

r [ 1 [ -+ 1]1/3

Equation 24 describes a family of curves depending o0n magnitude of
(uo/xo) (see sketch below).

(P/Pto)

iWoV

/PM "const.

..

ltT2 TI

It can be seen that in each case the sound pressure decreases
exponentially with time. The rate of decrease, however, depends on
the characteristic flow pararneters -)f the source. Except at the time
when thoe sound pressure is very near pm, the factor 3uot/x ,is
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substantiAlly larger than !, and the sound pvcssure can t,. estimated by

Pm(3

Taking the time t as the representative time period of the sound
pulse and rearranging Equation 25,

x• )3 "Nf-

( •p,, "--At Pt

o 4_ (26)

Z! the time period is established at a constant pressure ratio(pm/p).
then it will depend only on the source discharge area, discharge pres-
sure, and discharge velocity, and can be expressed. generally, as

3V 1)

T fiC •T
Ut

where

C = an arbitrary constant.

This equation is so.en to be aimilar ir frrmr~the "Strouhal" frequency
except for the additional (actor (Pt/P,3 v . It is to be noted that
the sound pulae duration remains relatively independent of the equation
used for relatir.& the air pressare to its velocity. The only prerequisite
is that it is of the form described by Equation ZZ.

Some insight into the above problem is to oe gained by con-
sidering the nonlinear propagation of stronag sound pulsefl. 13 Con-
sider a relatively strong sawtooth soand pulse (shown in the following
sketch).
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dp

By virtu- of higher pressure, the shock front (point 1) will progagnte
faster than the pulse tail (point 2). The velocity of the shock front

C,= ao [I + y+ IPm (28)

The pulse tail. of course, proragates at approximately ambient sonic
velocity, ao. Due to this velocity differential, the pulse wiIl tend to
stretch out %ith time (and travel). Change in the pulse time duration
can be represented in differential forrm by

dT _- •I P r (•

4Y Poao

Corresponiing to this increase in pulse time duration, the peak sound
prc-2sure %.-all decrease. For the spherically expanding wave front
the relationship betweer., pulse pressure, duratign, and travel can be
represented by

Tpmr Tlpmirl (30)
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where

T and p., = pulse duration and pressure at some reference
location, rl;

T and p. = pulse duration and pressure at some location, r.

Solution of Equations 29 and 30 indicates that the instantaneous p*-ak
sournd pressure of a sawtooth pulse can be represcnted ir. terms of
It* travel by

Pmirl

Pm = -/- (31)

1r-+ 1 P lrj In (!-) + 1 1I
2YZ PoaoTj rn + I

The sound pulse timrie duration, as a function of travel, is

ZY PoaT I rI

Thuo, it is seen that the relative time duration of a sound
pulse with long wave length and small arnplitbde changes little
with distance from its source. On the other hand, short sound
pulses, especially those of high am-plitude, can significantly incrase
in time duration. This time increase is zccomlpanied by a proportionate
decrease in amplitude beyond that of the simple spherical expansion.

Conoider nov a long pressurized cylinder (sketch follow.ng)
contaimng a gas. Initially, the gas is at some absolute pressure,
Pl. and absolute temperature. TI. Initial velocity of gas is zero.
As the cylinder is sudde.aly uncorked, a sawtooth sound pulse emanates
from the mcuth of the cylinder while a rarefaction wave travelb in-
ward. Until the rarefaction wave reflects from the bottom of the
cylinder, the discharge conditions at the tube exit remain relatively
constant and dependent on the initial gas conditions.

If the initial sound pulse due to abrupt initiation of gas flow is repre-
sented by a right triangle of amplitude, irrand time duration, T, then

PinT
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and, from Equation 4, the peak sowid pressure becomes

Po C I/V
- 0 (34P

where At, Pt, and u. are, respectively, discharge area (Ttdz/4), pres-
sure, and velocity.

Gas discharge from the cylinder depends on the initial gas conditions. 2 29

if~ Fj! P4,( "Y42 y .1*3. 6P.,

Pt Po (35)

L PolZ• . ,)- , (36)
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a.d subsonic conditions prevail at the tube exit, i. e. , locaUy, fL.ow
velocity is smaller than sonic velocity. +1 Zy/Y-l)

If the inlti-xl gas pressure is PI 1 P. (Y

Pt Z Pl(L - (37)

Zal 2aa (T (38)
u -- V l------- ) O~ ; -+, -f.iV -

I

In this case the gas is discharged at a velocity j,tst equal to its local
sonic velocity. This ic the usual case found in unsilenced (and most
silenced) weapons, as here the pressures encountered are generally
above critical. From Equation 27 the time duration of the sound pulse
due to uncorking of a pressurized cylinder is

3Y- I

T = k 2391

'at

where

d diameter ot the cylinder;

k 3, an empirical constant.

Combining Equations 34, 37, 38, an 39, the peak sound pressure due
to an uncorked cylinder becomes

Y + 1
5-3Y

m ( (T"•P )• T(40)

and it seen that the peak sound pressure is directly proportional to the
initial absolute gas ternperature and only weakly dependent on the
initial gas pressure, as long as it is above critical. However. since
in the gun.high pressure is generally accompanied by high temperature,
the peak sound pressure is not completely independent of the initial
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cylinder pressure. If it is assumed that the gas being discharged
was compresse:d isentropically to its initial condition, then
TI = To (Pl/P,,)(Y-l)/ ', and Eq'ution 40 can express the peak

sound pressure in terrn.i of qniy the initial cylinder pressure. The
result is that Pmrn On p1 .f+/4Y This seems to correlate reason-
ably well with experimental data available to date.

The sound pressturt field of the uncorked pressurized cylinder

is directional, pressure being higher toward the front and lower rear-

ward. Directly to the side. it is approximately a representative
average. This direttionai effect can be approximately represented by

Ping Pm (41)

where

Prng = peak sound pressure, given axi-muth angle. 0;

Mt = ut/aotdischarge Mat ,.;

n = constant equal to ap >..imately 2;

Pm = peak sound pressure directly to the side.

And the peak sound pressure level at given azimuth angle, of course,

becomes

Lmo 20 log PO (t2)
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APPENDIX D

GUN SILENCERS

ConRidcer a typical silenced weapon, consisting of a gun barrel
of volu•.ne v and a baffled silencer of volume v7 (see sketch below).
During Its cycle, the projectile is accelerated by the high pressure
gases in the barrel. Following this, the projectile travels through
the silencor while the propellent gas expands into the silencer cavity
behind the. projectile. Just p-ior to exiting from the gun barrel, the

propeUent gases are t-pically in the vicinity of 2000 Fand 3000 psi.

V 1  //v

i L

INI

During its expansion into the silencer cavity, the propellent

gas mixes with the air contained within the silencer. The air,
originally at ambient prersure and temperature, is compressed
while the propellent gas pressure and temperature naturally de-
crease. In a typical silenced system, with the silencer volume
of the order of 20 times that of its gun barrel, the conditions
within the silencer just prior to projectile exit are of the order
of 60 psi and 300* F. The projectile, being subsonic (presumably),
travels through the silencer at a velocity close to 1000 fps. Ju-t
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how quickly the gas bdidind the projectile expands into the silencer
cavity can be gathered from the following graph which shows the
shock, sonic, and flow velocities of air or gas similar to air, as
a function of presatsre.

tea~~~ ~~C a- "[V.. * -Z-' .-- i.7--

--- ' I-, -_
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~~~~~~~- ,Ut -i . -,- -i 1 2,.• .. .. .
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/I ID 20t]~ ik- int V0 2•

Froin the graph it is found axot unreasonable to assume that, in a
typical silencer, the gas pressure is very ncarly uniform ilong
Its length at the time the projectile exits the silencer.* Considering
the propellent gas and air undergo isentropic expanaion and compression,
respectively, tht absolute pressure in the silencer at the time of

MOther assumptions may be necessary in the cnese of a supersonic
projectile.
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projectile exit will be A•l \V/y v2

" vz

LVi

which can be simplified to

PI•j y

VI.
vI

where

P = absolute propellent gas pressure in gun barrel at the
I time of projectile exit from gun barrel.

P ambient air pressure (14.7 psi);
0

v= silencer volume;

v= gun barrel volume,

y = ratio of specific heats for air and propellent gas (actually
for air, y = 1.4; ior propellent gas, y o 1. Z).

Similarly, the absolute temperature of propellent gas in the silencer
at the time of projectile exit is

/Pl(Y - 1)

T = (3)
ST 

1 [ / V 9\ 1 / Y1••,

where

TI abuolute ternperature of propeiient gas at the time of
projectile exit from the gun barrel.
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The abAsolute temperature of air compressed in the silencer is
(pu/p o )Y-I) )y

T (v2/•l . , which is very nearly equa to TZ. Thus. the

air temperature may be assumed to be the same as that of propellent
gas (i.e., that given by Equation 3).

Projectile exit from the silencer will be followed by an efflux
of gases. Ifj Vthe time of this exit, the silencer presoure is
PzgPo )Y+ MY- 1) •1.9 Po, then

Pt = Po (4)

and

where Pt = absolute discharge pressure;

Ut = discharge velocity;

az = sonAc velocity within silencer at time of projectile exit;

a 0 ambient sonic velocity.

To= absolute ambient temperature.

In this case the discharge conditions will be subsonic; that is, gas
flow velocity will be lower than sonic a. the point of discharge (ut
% at). If. on the other hand the silencer pressure at the time ofS P2 YP I._ .•- y/(y-lI) . P
projectile exit is p2 k p0  +

then

Pt Y+ (6)

and

u 2 a2 t Z a (7)

S4 
o
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Now the diaci-,rge conditions will be supersonic, with the flow velocity
at discharge being equal to the local sonic velocity (ut = at). Thic,
in fact, is the typical .;ondition to be expected in most conventional
silencers. As the projectile exits from the silencer, the abrupt un-
corking of ir."ernal pressure will generate a sawtooth sound pulse.
The time duration of this pulse is given by Equation 39 of Appendix
C, - . !

Tz kd\P (8)
Ut

where

k ow 3, an empirical constant;

d = silencer exit diameter,

The peak sound pressure of the sound pulse is described by Equation
23 of Appendix C,

Po Pt /l 
(/yPm= ZirT Atut

where

P0 = ambient air density;

r = distance from the weapon;

At = rd 2 /4. silencer discharge area.

Combination of Equations 6, 7, 8, and 9 yielda the peak sound
pressure cf an abruptly uncorked silencer, to the side of the wea-
pon. as

Pm Y + I (L25 - 3y/2: (7 T7 ý- YlO)(7
f7-l 4ydTZ (10)

1) 8Bkr P

where

P 2 and TZ are the absolute silencer pressui'e and temperature,
res,>ectively, established b.y Equations 2 and 3

1
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If the silencer emperature is related to the silencer pr-..ssure by
T7 T (P2 )(Y1•-Y.i ,which is not an unreasonable estimate, then

Pm X P z +I)/4". The peak sound pressure level of the uncosked
silencer (front Equation 10) can be described as

y 84y
Y J

It as ntncrc¢ting to note the effect of heat Absor'ption in the silencer
On the Feak soi~n4 p•'etsure. If, similarly to the above, the salenccr's
pressure is related to its terr'perature by P 2 • P 0 (T 2 /To}(Y'I /y, then

tr le expressed as a f Tzion of only the si-
le~•; eep~atuewhih ives P~n oc't T•{~l/( . With maximum

neaIt absorption in the silencer, temperature TZ will have been reduced
to ambient temperaturr To. From Equation 10. the attenuation of pek

sound pressure level thus to be attained in a typical silencer is in the
vicinity of 6 db.

A certain umount of blow-by in a silenced system is unavoidable.
Since, for the sake of syoterr accuracy, a clearance must exist beetwein
the silencer and projectile, some propellent gas usually bypasses the
projectile in the silencer. The effect of this blow-by on gas discharge
from the silencer irrucediatvly after projectile exit can be surwnifed
from the following.

The gas discharge following projectile exit from the silencer is
primarily dependent on the quantity of gas contained in the systcm at
that time. which, in turn, is determineo by the percentage of gas lost
thruugh blow-by. The percentage of gas lost can ie represented by

-t
(Ar) 10 (Atotut) dt

m p9 (vI + v2 )

where Am = gas mass last through slow-by during timhe projectile
travcrses silencer;

m = initial total in?-ss of gas in system:
t = time ;
P2 - gas density in system at Um.rne projectile exits silencer.

The duration of blow-by is limited to the time it takes the projectile
to traverse tlhe silencer. If. during this time. a constant and unre-
stricted (maxirnurm) gas flow raie is assuxned, then

I50
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Pt
(~ At Ptut)dt =At~tutt (13)

where

At =ilencer discharge area;

Pt = discharge gas density;

ut = discharge gas velocity;

t = time it takes projectile to traverse silencer,

With maximum diecharge conditions,

Pt \(14)

The silencer discharge area is approL.rnately

At O I (16)

where

vi = volume of gun barrel;

= ler.gth of gut. barrel;

The time it takes the projectile to traverse the silencers ia

t (2
aoM

where

2 =silencer length;

M 2 projectile Mach No.

With these definitions, Equation IZ reduces toY+l

V+1
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within tetrersrit h ainn ecnaeo a yia

effect o i the gas dinchorg, occuik r'ng sit th.w t~:re the' pruiectiie eyxits

from the silencer.

Examination of F.-juation r,!veal-i tha, th-.z pekk souund presasure
is invereely proportion~al to iu time( durt.tion of a give~n ;~oind pullse.
In a systern wntwre gas discharpe is initiate'd slowly, the s-?und pulse
time duration O'z govtorned by ltec tir.o it taikes the sybtemn c: reach a
given dlisthrg rate rather than by -a s'term's maximitm discharge
ratce (Equ~ation 3). Fhos, it becuniii evident :hat the.i longer the
t-yettm takes To r.*acii its maximirno. Lgat d Iihage rate. the. quieter
it %%ill be. Practically, it nivans tka~t it ;:, dc-Lirabl.* to start the gas
discharge froiss the hiit'ncer slow'-y and e~arly in the process, gradually
iitcreasing the ditxcharg.! tu whý'n the projectile exits from Lthe silencer.
If it is as3umed that the gas discharg-. from the silencer can be initiated
at the. time pro 'i~clil.: e*xits the gun b~a-rrJ, the tinie restraint is im-
pobcd by tlwe silen~cer length and projectile velocity. fh titne in
w~hich the ciisch'at ge can inc reas,Ž fromn zero to maximurn will be

T ~(9
aom

Witt, [his timc jh--;( lasnd FpIRatinti% 6 A&nd 7ý, Equation '9 gives the

pc.3l'~~~~~ 4. e r-uea

Thizi relat;inship gziveE- thco -rriv.iroum pra%. sound pressure of a sybtem
whi~ga3 OircCx '. icc. V~i initi~a:-d graduauly, rather than abruptly.

Compiirisoxi of this -tiuation %#i th LqýLatioii 10 and substitution of typ-
icj. system qua rktitat!s revv~il that attenuatioris of as much as 15 db
are rnbtainabl.ý with Elie co i-1QU dA .ar. technique.

Attenuatioti of a pI-&-7Jrsor waee in the silecaer is somewhat
diffurent from tb~at c," a :.dast wave. Wlhervas th-( latter involves high
pr,-.sar~t; which! pr,.-sent a iorictn' . ass trans fer problem.
the former can bi, xnocttd tf- rxpandt- ,ruvagh the silencer at almost
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ambient sonic velocity, This ullown the asiiumption that the re-
flections of the precursor within a properly designed kilencer will
have practically no effect on the forward wave front. In a properly
designed silencer, the baffles or other silencer components wi•uld
be such as would not impede the natural spherical expansion Ocf the
wave front within the silencer. Example of this can be sees. with
the rearward-slanted, coaical baff'es.

Consider now two gun barrels identical ia all respects except
that one is equipped with a sileLcer (see uketch below).

P3 V-3Km
¼u

r r

-- .- '

In the first case the precurbor wave generated in the gun barrel will
be unattenuated. At some distance r. in the far field. itf sound
pressure will be

P; pZ £ZP ---- (21)
3 r

where

It2 = silencer lengtL;

pZ = precursor sound pressure(gauge)at distance f from gun muzzle.
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In the second came. the precursor wave will first expand unimpeded
(±.phericallv) in the silence3- prior to expansion into the atmosphere.
At the front end of the silencer, the precursor wave front wiiI geierate
an abiolute pressure, which can be eatirrated by

Pz O Po + 2Z. (2 2

This pressure will induce a ilyw of air through the silencer muzzle.
The velocity of this flow will be given by

Expansion of this equat.an and elimination of lower order terms re-
duces the flow velocity to

ut W Y :- :• ! _ao. P? (?41
YP 0

Corr prnding to this flow velocity, the dischre. - pressure
(guage) at the silencer exit will be

Pt 4 -i - VI•T-I}p?0 (25)

Spheric&l expansion of this overpressure to the far field represents
the attenuated precursor sound pressure, which can be written as

P3f o m d -- pzd (26)
4r 4r

where

d = diameter of silencer muzzle opening.

Combininp, Equations 21 and 26 gives the attenuated precursor
sound pressure in terms of the unattenuated quantity

932 2%Q e 7)
P".! V Y- Lt
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The attenuation of the precur-eor~in decibelSis

S= 20 log ?_ V/ (28)

Substitution of typical quantities in Equation 28 indicates that a
properly designed silencer, approximately 6 in. long and . 35 caliber,
can be expected to attenuate the precursor by some 30 db.

An interevting problem presents itself in considering attenuation
of the silencer type shown in the tirst diagram of the foUowving sketch.

Here. the silencing volume in separated into two chambers, one in,
front of and one surrounding the gun barrel. A bleed hole (or series
of bleed holes) leading to the surrounding chamber is provided in
the gun barrel. As the projectile passes the bleed hole. the propel-
lent gases in the gun barrel expand into the surrovnding chamber.
When the projectilt exits into the front silencer section, the pressure
in the gun barrel decreases and the gas flow in the bleed hole re-
verses. Yf the bleed hole is sufficiently small.then, because of the
greater initial pressure differential, gas flow will be faster into the.
surroundyng chamber than out of it. This technique is capable of
substantially reducing the pressure in the front silencer at the time
cf projectile exit. An optimum exploitation of this techniq ie would
be to introduce a one-way valve in the bleed hole leading to th-
surrounding silencer cavity. Consider the silencer with a relatively
large bleed hole, so that gas flow into and out of the surrounding
chamber is relatively rapid. The gas expansion processes will be
very nearly isentropic so that the silencer pressure at the time of
projectile exit frormi the silencer (from Equation 2) will be

Pv2 + P v3) +I (Z9)
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where

P 0 ambient air pressure;
0

F1 pressure in gun barrel just before bleed-off;

v = volume of gun barrel before bleed-off;1

v2 = volume of silencer chamber surrowuding gun barrel;

v 3 = volume of front silencer chamber.

In a silencer with a bleed hole valve, the expansion process up to
the projectile exit from the gun barrel will be similar to that above.
Beyond this point, however, the gases remaining in the gun barrel
will expand into theforward silencer section while the gases in the
surrounding chamber will be trapped pending possible slow release.
Isentropic expansion up to the gun barrel muzzle gives the gas
pressure as

; F/_ Y

~p +1 (30)

Expansion of the gases remaining in the gun barrel into the furward
silencer secticon gives the silencer pressure as

P3" 0 (31)

This, combined with Equation 30, gives the silencer pressure at
tir.ae of projectile exit as

"P 1/y v Y

;0 ) - -+v (32)P3" Po v z v 3 +{

Solving for minimum P 3 ", it is found that the greatest reduction in
pressure occurs when
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Substit'ition of typical quantities found in silencers into Equation 33
indicates that in order to obtain maximum attenuation, the surrounding
silencer chamber should be approxhately 0. 7 times that of the for-
ward chamber. The difference in attenuatitn of the silencer with a
bleed hole valve and the simple volumetric silencer can be estimatt d*
from

A•L st ZO log 13 ( )4 34)

where W• & P3 " are as defined by Equations 29 and 32. In a silenced

system with gun barrel pressure of 2500 psi and silencer-to-gun
barrel volume ratio of 20, the bleed hole valve technique yields approx-
imately an additional 4 db attenuation in peak SPLI. The technique can
be expected to be more effective with small volume silencers and less
effective with larger ones.

See Equations 10 and 11,
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APPENDIX E

SILENCER TECHNIQUES & REPRESENTATIVE PATENTS

The following silencer photographs and patents are presented ac

reflecting the various silencing techniques and con'cepts.

The photographs (pgs 159 through 163) of sectioned WW 1I German

experimental silencers show sorne outstanding silencing techrnques,
such as flexible baffles, vortex-induci-ig channels and rearward slanted
steel baffles. Also shown are quick attaching silencer clamps.

U.S. Patent No. 6£8,934, issued Z October 1900 to Reade Macon
Washington and Alfred Willis Capy, "Attachment for Barrels of

Firearrnh. "

Austrian Patent No. 5478, issued 1 June 1901 to Josef Hutfiess, "Device
for Silencing a Firearm. " (Translation)

U.S. Patent No. 958,935, issued 24 May 1910 to Hiram Percy Maxim,
"Silent Firearm."

U.S. Patent No. 1,000,702, issued 15 August 1911 to Eugene Thurler,
"Device for the Suppression of the Report of Firearms. "

German Patent No. 629,404, issued 13 March 1933 to Aans Eirsfeldt,
"Silencers for Hand Weapons. " (Translation)

U.S. PatentNo. 2,448, 382, issued 31 August 1948 to Warren P. Mason,
"•Silencer.

U.S. Patent No. 3,138,991, issued 30 June 1964 to Richard L. Malter,
"Firearm Muzzle Attachment and Projectile with Expansible, De-

tachable flusk."
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UNITED STATES PATENT OFF~ICE.

JI.:ADF ?JAr;ON WVAslI.XTO'N AND) ALI'RVD WILLIS CAPY, OF DALLAS,
TEXAS. ASSI&W1011S OF ON1 -VOVRTI1 TO SAID WASUINGTON.

ATTACHMENT FOR BARRELS OF FOREARMS.

8wXCMa&=fl forwituit pars of Latteors ?staer No, 6M.O4 ,dateid Qescolor S 9M 00

Ta all whom ig mo,.y roinroen: *the barrel bysastrap or its squivaleut. In
Be it known tiott we. 1tV~A1B ZIAA.OW WASHl- order t hat, the extension I1I of :.b.o body and

iwroand Ai-itt~oWtLLISCAPV, Of I)Allan, it) fart IbI" chainber lIn the body lwopopr way
III the County Of L)KIlIA- And Scale~ of To%"., be read:ly clesnod when desired. the tfearend SS

S aeit.eeanwcolunttAtrmn portion of the extenuion I I iscivoow by a plug
to the Karrol~tof rirearmsN. of which the fol- It, screwed therein or otherwitto detacehably
lowing: I,. a (.til. clotr, and e*cit, dtlnsciption. securel in plsc3. The opper surfaw" of ttte

Oue object of nat) Invenition isto powedea catinal A is slush with the varrmpoodingeur-
simuple, light, yet d.trabie icviric adapted f., fact, of the 11snere In older that the eight Cf 60

.s at tach eu~ut to I tho in urzzsof ri flea, tousketa, tsid barrel ftbail not. be Intorfered withb. 'rhe
and otherarn~epa~iapt-ed to lirebulle sand to space within the casing A and the extenstion
so contstruct the atm~v-lament i1'st it will we. I I may bo Iteroed an - expansion -chow ber;"
teri~lly tatodify or eoitir'lt prevent the now*a boot certain portionto of ibis expwiRi~oncbaw-
Inside when it wspwo 6t tiuvchitrged, and w~ill ber are sbut off, As will be hereanaftarsttaled. 4s

5 ssa~rt ISri sUlptcax%the d iOk alcimt entirely ITb. 'iody-easing A Is eadpted to receiro a
when Ilsck powder IA usc; cap 8, the cap bel a# at o;he forw., -Q or dellIyv

A fuirther.-hjec'tofth tIinvention oo io aot- eryeod oft he easing.oW this Cap '--Adapted
fain the ratio abov'e pet forth without imtpair. Itoolide within tbe body-eataingand i held 1,
ioe~ the power or ai-eurocy of the weapon. engsoatewen tharewitho in any approied man- ?o

o The invention e ,o%istg itU the DovOl Coa- ocr-asW, (fo elAMPIe, thrVIagh the mc~ltIM Of
otructioa and coabloinjou of the omovera) spring chlyjor gn"Itato3--as rhown In F~igs.
pArIK, "s will be hereiinafter fully aet forth. I &ad i. The Inner !Ace It of the eap hise

sell j-lantest out in the cloinini. Inclined. the itClid~ioarl being (rona the up-
Urfefrvnree1 to Ito hsw to theaowteomi-mylar per edge downwardlyotnd forwardly. sud the 75

S .)rawia.i, foroanunga part of lbi'tewviftcatioa, inrcer-faceof tbocapia open frontapoor;atoir
in wbih~ct~imilotreharcterooof rrfertenc. `idi- nrit oom os terhtp.Th.
CAte c-trer -skintdlng pccrt- ii IAli the fleurta. copper poirtion (if the lisanr inclined face of

F-iguire I is at aside dclevAt io of a rifle end thse rcap 1; is provided with a defllctiza-plate
Me. atlachina-al applitO kheertra. Fig. 2 in a 15. ^nJ the maid defleciinoor-plate ha fin open- so

.olongitutidngal acotmain tiarumagli tb,,ettachment, ino: 16. the crnter of oisad aoenlng bjeing in
alm-wn on a larj'er dcale than in Fig. 1, and lonritu.Jiuml Alinemeent with the axls of the
alao a longitudiunal socgion through abhot pnr. bonre A' of the barrel.
lion of tbe baurrel to which the attacbtnent ao Immnediately forward of the opooltog 16 in
Applieds, a-ina File. 3 1!1 0 'rauftrerwe vertical the deflecting-plate, and at the forward np- 13

S eei'tion taken prictically on the lint 3 5 ot per end smf the cap a chamnber 16, is formed
ri-g. 2. pro)ti led with Aninlet,17. theesoconrof which

.4relpreeenlaacaaina,wl. chisuauiuatlymade inlet is ina plane with thenconte, of the axi*
oval in croas-otecti'in. as shown Ito Fig. 3. of ih3 openinR 16 in the defolectinug-plate and
This coasing: io provo d-, v. itb I. eollAr 10at the tbo axi- of the bore A' of the barrel. This go

0 rtarec,4d Of I!& hotly pOltiOll, an~d the0 said ccl. alinemenot Of thl OopenIngs 17 an0d 16 witb the
1ar Is aoiaptetl to be vcres'nd umt.si or other- borp of the boarrl to In Order that the bullet
wieo attached to the forieord or inuoule end d.scharo'xi f(mm thoo harrol way pwo 4hrinugit
uf tho barrel A' of a guin, cas shown particu- the- said openingto 16 snd 17 and on; tbirnjrh
larly in Vtc 2. At zhe orena- lowee~ lorttou of lth. rhanciber £6' withoot interfering In the 95

5 Mei twsay-caWnqoa A it tubular xtteustoa 11 to fligh*.e't f'f-rtre With Any Of the meschanbim
fortned, which 1s %mis..siYty ircular In Cracks- designed to s-sline the X6ases.

sevitlu. but wasy bat.. uthe.- Ioaectoa The Inner face or wall of the chamber 161
cmatour. rho venioniei I I fiora the c-imait to ioclhed , And a flange 18 to formed opco
Is adaopted4 in ext. ,W roarweoilty IOwneAth Cho thisk wall aroondr lbe inlet opening 17. The Noe

or brrvP a nccc-wary dIut~eanter when the ca-ii' flugoe In is &d~pted as a seast for a walrt 19,
is attached to tho 5arrel *and - faciteooed Io which valve coigeas Xhe nlot" t7 of the chazi-
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IS re-goiter. Awl.-. m.tv al ajem, s tp-niut' nufficien.r also ? A i-e'dnipr-'ti Iswiwtb taa-e-onder.asng
glu Uaisttrr4mi~dpooh-Ageof ithe Atn-ssIw. a-mvl diamsrtmzv fur Conhitetion wit~h

bit 10Ldie, ItArrisI of #L activ. b.ý lasid ellioimber krAvialog
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the lower riaoi-mmm 4~ &he -a. 110. As arm be- so tmbui~u.r totti"mibl..ai t.,imoun,: peit of le PRO-
to isia A& ri-ght A")a-. to tha outer face tof 04Am1 lotidlook1iiiig -hamsbiti~sr and eitoakmsndg sainti

Taltro, and the %4vo'a ins pmuvolosi is, iie %,ap U ivaoliv, bt-rnatik the biAa-tel of die gun. a dlo-
by a in It~' thatbis is pause~d tkiroiighthe Ii"-~ v-slo. lor Ato rrar food ut mid tubuLar eaten-
aud Ihsouxh Ali# said aria. at%-how .lmwin Fa igs. nimos n. Va~ vleoporookko by thie gaas.l to tkw*t go
I at&~3 The. valve Ito in imcd it. it% oroa ne- tIli* im&ilt for the us iwtntafirrsuitd hvlta hletb

25 altion-tbat ii, iv PLtageosmaet With the d.- 4shCAPWd anmd a auppart, niag t, whir') -.Aid
fietelngpla.'--'y enasmti nit( a supring 23. vctbt norwatahi rtemK ilia -aid ioppor: beosulf

nusmsallratitat-bo~d to :h#- bottata oitter wall of immcoted iotstwri e-ofbgs.ta .an'd
theChenaille 10.. &he 141o-int! liatt Ing Lvmoiing the oustlet for the bulle%4.itrt'tal ga s
Aaliusst tLbs uplioeesurface of ;he aria 2 1, an mcrit Ai.

30 ahowe ina Fig. ;.. lnont.-riimal thevptrinr2 3. v.Laing adaptad for atiamo-hse~nt Sol the
wety loto rvt tein orma,-vml tinhi-es nervnmear) * bxrr.-. if ngun, a cbmsmb~w-r at the forvt~ol aod

Ant openlug is snail.. in t:io fsmsist of Ile, enap of %.Ai- ceA.'iS mand bjkv~n: an' lah-1 in diini-
1*6101w 111e 471mmImmior It;*. A1141 thilt Uptiing is nor or tcr wAll in' itu with Lhte borv gu t" L i,y m
0otvi&l7y .-lmmWm.-. by It lmiutek 21. gun. a lato to vAid cmuing bie-twmr".e the M-ar

3S Ito the filwraviamo of he itltaonhmei shon a. ondi of *sid elvamniwr sand the enod of Ib6 vl'a-
gnlu isi fined im'ImwSs^ blem in-whargod Ame usutal. barret i..4d a pmivoted va',~ u'wrivaily wy-tii~g
and titliosa.Aeme nomt twoisi tIm.. barreli doia., Diet min' the vaui plate, the pAin act] vmal'i topcng
10ouch or iestorfr.q. with I* to- muet'balnm of the eunA~t rot-led to permit, of the pmswage of t iled- itts

StLachusent. am Iet" hervisfmoum" been %mtnitoo. I let. the Paid -m botifiz adaiploe to orkls, tue
4o The eiksdinurt-oea strike the delkfvtinsg. o mp'ssuig in the rear et-st of it.id ellaot"-wr 1Wm

p~Jl.itt 15ssi-I thes v.as-s 19 at the 'awe miummtottt. tuediale~y afivor the .mcape of the llu.'L!-. bil-
41The drd-flsrtimmg. plate beiatriocim Sind inclisned ismg rarrctedm to slaid cl.-niug pruntion hy #be Akv-

towanri the v~Iive tiarms lhtk flos tit Aia-n 4miwoo- tiillf Of tjokW .Ij5, IiiAut!Ally Ma dorokegitwd. iso
Wardt In dmrwelion of Ithe Valv~e.aied tho Vavjtc. 4 A dm% ive xeselape to utcietiol thi' nti:e of

45being~ free '1muvto outwardm is thrown agitilmait the vatilwoioll nf a t. ar oan zs'm vrtint the -
Ito @#*I IA, ma boam mii dgsfed liuss in File.:. e* Ape uf aitoko Croon Ishe ieuAxlo o a gun, m-aid
and ho bolds the,.. untinl the in~t-O preasmare of .Ie'%jLe. nuoM1j.*jAasOfacM CS~ZrrIastwMj (fr &I.-
due gee in the ox;inqsiuss-ahbaber smmt barrel~ tacm hosm~et to ti. muzzle of a gun, the csaing siS
of tho gmin bronmntineqnast othe -ugsesdo, mreim botinK txo p ided with a down* Ardl) soid ('i-

So sure of the Atnuottamers.. air plo.% the temIiou wardly exteudmng doadcetminx-plo, to haing'5 an
of the W1 ~inn e3. vbetroulain the va~lve u-ain opinving @itine wa'.ith she &ill- ut the t'attim.
olikkat aend this gun m-. resa bt~ mramajtbr'r ..i&.it. j lm..CAMIgbismgeit~~rovid"I wathem pkat,..a~e-vfy
The gAin. isuestex of rurbihm:ig inptu the air Av fur a 6.&diqt foturArd of the de flee~t to;--late. i to
USUal, is LurnsemI hy tle vmsIv,. 1.4eak law Ilb. -oi tua & alto s~omrtimily rv.,Ituseg with lits uppo-

55 etipatoflt-chatauber. abibub Lbmo gAo, ita-if h44 endi on .Aiad &n~eia-tl5 mit admipteds to
*orlowd. Trbv actiosi ma set) sguim.-. tv is.Ytiri be' oummed to m-tuckw- -.sd ga i-wa) by the
ibs "s tpa desw&ritmosl (tilowooisc ~bc oimekr mu escvuoialagiciis u(giigia wsthim thedv"aidrsitg,
prairua-lly A Iioaretone Cf tiuse. ab &44Ke Htuwd. 325

4e cubic conit Oita 401 tb* mitrdof st the Acun, ac-ts gissa. A s-a!-g %UAUIJV4s- Wa. the 11113111 Of said

aubtsanttuakly i"aL avirismmls.umsr &oil at Shem tisne. tar'-e,- *nmi A V.4j. ,efM0uiqUtV t -a-.) usll iltm
of firing osto aokeiinvois~ilo. Upsmeia ructsmg fit-l 'A rd mInD4 to(f timt 04.-1U_ I th u-is V tmemmi prgo-
opOINN thel ibt.e#h Of the tgmis $AS hkil A,$ pi-06t vided vmtith atu lumlism.-.' detftlie-jimn pto bia- t10
Iiii- after fvins: -t bmullet &hu cxmoih~b its$ oi1  u otpem-m'x slim-rvit to ['it' with tho, axis

6S bor will Its lomtidi pmratitmcsI0y film-mi with a .4 1imm. l.,srr, V: u% vit.laoso
m Wr fmirward so[ the

light smooke; but tbu dorptmipi us-on the Lasittd I d otistg. plaitc, prostrjlm-d astbk -.s uolaismflt
an'd geooves is ot)O more thaem Usiasal as tbo Also in Lu. withm the &.%i. of 0~-t bat of the
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gun, and a valve having bearing ntormially Ai citi easin arranged fora*4aoebmntlt to th S
against the deffeating-plats, the maid valve barrel of a gun and provided with a guc-coa-
being forcood to0 a seat rA the, iolat of time *aid denning chamber, anid a cap removablir se-
chsmther, by the action of tOe gas atctaou- cured in tbe forward and of saiod easing and

5 la&ed in the barrel and back of the% Aald valve provided with a chamsber bawing an opening
and deflentiog-plats, af for a hullet, has been is line with the axis of the core of the gun 6o
disc~harged, a* dowr 3d. Miad fOrMing & PAGWO~ for A balil"t. a valVe

G. The t~oartalmtion with the barrel of a pilvoted Inejmid cap anO opprat#4 by the gate"
gun~f a wugaleobd iohe ,ta4xlof said to close Lb. outlet for the bujllet Immediately

to barrel, a cap secured in the forward and of after tbe owcape of t"e bullet, the .Aid Cap
the csasingand provided with an iuinotl ' dit- being provided with ani opening in Its frout 65
flectintg-plate havinx as openinpg there'in in bvelow thessid chrimbor~and acensureforsaid

l10e with the axis of the barrel, % thamnbr all eniugt. aulhstantimll) "a dtitirihed.
forwa~il of( the Aleffectioar-plate and provided 3 A dpirice adapted to cotntre tho noise of

IS With an imlet-Opieniog 311; io line With the thet rjrploaou of A c-harge stud preventL the es-
valveemat and a mPlrlug-prowed alenor- said device comnprisingc Acasing A-arange-i fo0
nuaily rmeting atgainsot the dflecting-plamauad attachment to the muzztle of asguat the caosinsi
adapted to be forced sagame'et said valve-omet, being pr-ovided with A pnaotg-waV for a bal-

so sulostantialiy a" described. -let, a valve for closing maid passage-way, a
7. The comablnatlon with tbe barrel of a spriesg for normnally holding arsid vAlve open., 75

gun, and a utoling Attached to thbe muzzle of and a deflectilog-plato for turainig the flow G,:
W barrel and having a tubuolar extension at gas toward the valve. the valre being carried

the rear lower portiou provided with a renaov- to closing position Isv the guami.
a5 able closure at Its mear end, of a cAp remov- 10. A casing fair attachnuens to Lbe muzz!.

Mby secnred In the forward ened of the casinge, of a gon, a cap removably sarcured in the for- So
tb. Inner fao said cap bring inclined from ward end of Paid naning and having a valve-
the upper edge-downware~iy and forwardly arat with an opeaning fuar the papiange of the
and theo aaid inner face being open from a ballet and a v*lve cartried by said oremoru~ble

So point at WnuearietsbtoLim to a oinit near the err pand free to swing. the said valve being
tup, an iuclioed i11iefetiang-plate at the upper nurainaly held In sit open poamiuon and adawt 95
poertioin of the inclined intner fanse of the cap. ed to be moved by the a.eiion of the goaf to
Lb. raid glatis having &a opening is its loweq a clated posimion. s~abitainttally as deseebed.
fdg* in longitudinal alinemnent with theaxie I11. tcasingasrrangeiforauaaehmeuto the

ss of ilb. bore of t he boarrel, a. chamber formed muzzle ofgit cin. aremovable cap fitted in the
at the forward upper end of daid cap aud for- fo.-war-i end of the camiog and having % valve- go
wardeofthe plate. the saidclaiplierbeirg pro- oea wishat; ope~amsg for the passAg of the
Tided with an Inlet in ita Inner wall in Ilin bullet. the axis #of maid opening coinciding
with t he opeonKn lie the plate A-d the b.;-aof with the axis of the bore -f the gun, a vaive

4* 0 te as,-el. the inner wall of Asid t-hambeir bu- cArriod by aid cap and free toaswing to close
fag iiclitiedsand having afltacge formned w here- said openaingc a sprinic for wome'ali'- holding 95
on rround i he Ilae. -opening sand coost~i~utissg aaie auglveIin Lb.open posiLkos,a anti defllect.-
A v81lvcw11`a1. And a pivoted and hipringt-prees-d ing. ploolo carried by the cop and ar-ranged to
vadte normnally renting at its i~pper end defleem . to games toward the r.asve, the said

45 Against the lower portit of the deflecting- Ivalve '.siumcloasd byt the ectionot cbs gase.,4
plate anti having *a opening at its urper edge Iwhereby the -aid casing teceivessand clonfines isoo
forominig with th. opening is the lower edge ( or A time the guessf retnatlang from firing the
.4 1 tbedeflectiag-plata.r peasageot-i the bul- gnu.
let., the said valve beinig forced to 9its seaL at"3U~3W~l~i

So the inlet-openingi of said chamber by tbA%.u in.-AOI A11111Mq
t144 of the gasles, Liter a bullet has been dial- £LNUS WILLIS CAPT.
orhLrited. the froat, Of said cap Weow the chum- I Witesses:
;)or having -an openinae pr~vided with a ro- 0. A. llpitkezvga
se-ioable iclsure, for Ole pur'powe sot forth. 1 .. W. KILLT.
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4.

a It. ishereby awrtilb that to Letters Paten No. 6W89S6, ganted October 2, low,.
upom the appleatku of Reade MaaoM Washington ad Alfred Wills Cspy. e oDali.@1,
Tems. fer an ifProvement in 11 "A ttadmm for Bearre of rFhem,." whro appearM- rquiring owrqeo, me folows: Li the e•rt and IL the pristad head of the specdISes

Ston, it It stated that they have saius -Aiu rth of their right o mid Washlngtoo,
whesm It ahould hatve b-a stated tbat did (C w•,ma saef.wrt jf &6. mrs vgA*i.
as" Wmbdmgfse; a•ad tt " h Ummd L-Aws Pateat shored be read with thin oorrec~iecs
UMI tbat um us acay ooforum to do rciord of the e.s in tl Patent Om€m.

Bipged oouankwped, mad setled this I" day of October, A. R), 1900.
[ma•. F. 1 CA APBELL,

Q. H. M:i
t:mmw;mw~ of PfhIw4..
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N&. 693,934. Patseted Oct. 2, 1900.
N. N. WASHINGTON I.A. W. CAPY.

ATTACNOENT FORN BARRELS OF FIREARMUS.
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Translation: Patent No. 5478, "Device for Silencing a Firearu'
issued to Josef Hutfless, I June 1901, in Vienna

The proposed innovation hri3 to do with reduction of noise due to
the sudden discharge of propellent gasea after firing a wapon. It is
hereby claimed that the barrel will close after projectile exit. The
propellent gases will be released after passing through two or more
regulating tubes ruiming parallea to the barrel. In this way, the
pressure will be reduced and the gas exit will cause only an insig-
nificant noise.

The invention, for application to sporting guns, is shown in
Fig. I through 4, the sketches showing the longitudinal side view and
front views of the barrel cross wection, A-B, of Figure 1.

As is evident, the mizzle of the barrel forms into a funnel. At
the bottom (;f the barrel, a, are arranged two parallel thin walled
tubes, b and c, Viich are connected tog-.ther at their ends.

Tube b is connected to the muzzle end of che funnel shaped barrel,
a, while the s-* esd oý the other tube, c, is equipped with a row of
holes, d.

This weapon requires the use of special prcjectiles which are
made up of two loosely connected parts, m and n. The charge is di-
rectly behind part m, %tich is of the same caliber as the straight tube,
vhi)e the front part of the projectile, n, matches the narrow p&rt of
the tube and is connected to the heavier projectile, part m, by a fixed
pin.

The operation of the device 's as follows. Upon firing the weapon,
the developing propellent gases in the tube push both projectile parts.
a and n up to the narrow tube. Arriving there, the heavier projectile,
u, will be forced in the narrow barrel (poeition m') and thereby held
back. The front projactile, n, in consequence of its acquired velocity,
will free itself from the back projectile, m, passing and exiting
through the remaining portion of the barrel (position n').

The propellent gases do not pase into the atmosphere through the
muzzle of the barrel but, because of the obstruction, they enter tube
c through the opening g. From here they pass into tube b and leave the
latter, with essentially reduced pressure, through the arranged holes,
d, in thks front end of tube b, whereby only a hissing noise is produced.

As the result of this operation. a loud noise will be avoided and
the propolleut gases will leave the tube producing a damped, unnoticed

noise. The remaining proIectile part, m, in the tube can be removed
through the insertion of a charging rod.
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Patent Claim
1. A devfte for silencing the noise produced by firing a wapon,In the following manner. The b*v-oL near the mzzle is to be funrelShaped and to this ar to be conne,:ted one or more iuterconnected

tub" from %hich the gases dischargn through many mall openings.

2. Two-part projectile, which is described abom. The powder
charge in to be behind the rear part, which is of the smw caliberas tho strOiiht barrel, and the front pa4, which ti to be looselyConnected to the firs par, wi~ll hvm the some cmaliber as the narrow,portion of the barrel.
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UNIT ED Si'ATES PATENT OFFICE.
MM&X ]s--- x&XW., Or )A"TIOJW, MrO2!n=TIU. ASSXQOS TO AIAXIN 9=11ME

1Nh332M GIW.NT, 01OV '-'- OSIL. 09 Y.. A COAMFOATION OF NMW JE~RT.

m~a.at Je.bass ?steaL Patentebd X&.7 SC,1910).
A3beU.1 X.Yc~A, 0, U4 101t $MIf To. ~4-OL

ne OnR UaAW* it "MM' Coan iin ragmis shah .e sectired witJcut requir-
Be it knows thist 1, THaax Faker MAfAxli m .g great labor i-i Ct.' aspeibling of the din A.
acitizen of the United Stctw, "ei gijpieissd ýMsng.

the city of Hartfordi, in the .Stat&. of Can- ~ae in 'enf ion rial bo niore fuil; oz.
f iedcuticst hae" invented ccrtain new and -4e plained I.- re~nafkr * ith reference to th5 ac-

fit! Improvianents in Silent Fireaiu~i of coinpanying drawin in Which it is Muss.-
which t" folowing is a spee.cication, rsefer. trated r'nc!r wlu7 soC1 6
aices being had to the scowmpenying &r&w- F~its-re I ih G. vie i.i nidt devation of an
isa, forming a part hereof. Iordiziary ~pdRrifti eq-!ippet' with a.
1in the continued use of silencer fc~r 'Ire. silerncer w;,zch emhlb't,- ýt inveritior. Fig.
arms in which the energy -. thoe pci.1der 2 ig as dc~al vwie%; ist 3lL% and on a larger
gase is dissipated in rotary or whirl ingwl cle of the silencer- sh own in, Fig. 1, L por. os
movement of the gase beforc the~y pass tntv tioru of the barirv.!beiru_: is-, represented,
the atmosphere, and in which a sern;.s of ;*r- Fig. S is a tilce view )t ono .' the dia-

ls titiorna, diaphragms or sprn-aderi. are si.p. phrngrar, showing thae ilu the cir-
Frorted by a shell or twsig as; the muzzle o.f Icuinference thereof. I-ig. 4 ;s t ± saes
the firearm, the rotary or whiln no;- ecinoth .FU. h.'' ore casing, 70
nent of the guse tak!ag p1c- in tho ciain- Ishov'ing the knagitudinat is.r

he.formed therrby, t~he partitions, d:.&- In tht einbodii.-nt of" t. . ein ,."tion shown
t0 phragms or spreaders nafrest the true muz- ini the drawing theui 1:, - curcd to the ex-

zle of the barrel of the firearm are exposed trerniity of t;.e bitrre! ;i c. thf, :110, in any
to the highest gaz ]r saure, while those more suitnble manner, as by seepw tar:acls a cas- Is
remote from the muzzle are exposed to much ing d.Ihc .peeal sub.,ai~ycr
less gas pressure- Lighitness in the sikcncer cu bAr in crresit section and of e<. er or Las

25 can be sec-ured by roaking ýbe partitions, dis- h rs!ýV& as. may be requis ed aauf tzU i a sfu-
phragms or spreaders in the zone of high jport And inclosue to- the *;rite (J ring~le
gra dpressure of sufficient strergth to with.I silencing devices or rdirtitioms or diaphragnss so
stand such pressuis and by makigte A- j .r spresaderi e by w~hich Use gasces, which es-
titions, diapham sor sreu'ders more remote -A pe at the Ptuis.e of the barre a, ste ,orn-

so from the muzzle of t inner and eviii of Felled t4. acqu ;.'e witihin piccessive ceils or
lighter material. It is found, ho7-ever, that ci.Aw-!r iormed by the diaphragms, e, & ru-
it is necessary to provide an abutment for iar or wheirling miovement. I
the heavier and. stronger diaphragm.s near 7zn the embodimecnt of the invention shown
thes muzzle to support them against the im- each single silencing devict- e is general~ly

15 pact of tiar gases rind to relievn fnray givet circular or annular with rceference to thes
pressre the succeesive lightor didpbrams axis of the Lhell or casir~g a, ind is spiral or
Which are lisib'n to be crushsed eventual y if coamehoidal ;n cro-o section, an opening d V
the resistance is through them. !.*~ink fornued for the pasisigt of the pro-

Owe object of the pre-sent invention, there. Jectife. In the construction shown, such
49 fore, is to provide such a construction of iop,ýninvr -s ercentric with respe~ct to ;'- axis

ailencer-i of this character as shall ý)ss ca- of the -.boll cr cassng. As is now well un-
peble of withstanding the impact of the dersto~ad, the powder gases are directed by 95
!ase while at the samo *ime the mmnimume the frudeo conical portion ol: .ah Jia-

ofweighs, in the silencers is secured. Fur- phragrr or spreader, or single "ie'in d -
4s thermore., in hilencerv of this character which vive, into, the aiinular Chursm-er fP-r-,re by

airl eccentric with respect to the oxsi of the the diaphzogm and arquire zierein a rapid
gun barrel, it is necessary to assure accurate reotary rrotmirn i% which their enerly is dissi- inot
slineiert of the opening% through the sue- pated. Pie disiphragn.s or swpre___ ers, as el,
cesve diaphragms for the passage of the nes"a the nucxed of the gun are natu~atil

of preojctile, sub'ected ~o the highest. presure of ile
It i~s, theref--re, a further object of this i gamest, uh'ieo thows more remote- fr m the

inv~eution to provide a cnstrue-tion by which I muzzle art, subjct~ed U., a cornsiderably lower 105
sugJ1 atintinent of the pesxanugs through the I presurv.ý 'I'doee moon- rtnote from the
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Mgadaul of the Cu ma, therefore, be la proper relative umito with ths o'Cen'iII&
CpabieG of z~saighirmw piremure than thn 4' in amunrte ne=s viCS the bore
newm the muzzlet aud may be made of usuch the barrel &
ksbtar sbeet sftee t"a thtee near thin I [clim Sq mnyinvention:
nmwth, or may even be mad.of cA suminete' 1. A 4ilen'adng 4evie. for fi~reanra, com-n.swhile thorse neser the mutak are naeed o1 =r.~n 4`1 t lOr Milking, a sewim dm
etial. However, ahouid the diaphrafma or prgnsor spreadem dispamd in thef adhell
sprtesoIez neareir the Muztle a'ea 4iai 11r casIng ote from the Mazzle amd fa cM-
11149144t, chow morn rtaytes frem the Muwse 1 ang Is 1148M11io o f Jeambers, egich of ta.
me that the latter receive the preasture trsn. 1 diaphragins or .-preaiez hariatg an opeIng 76
inittd atrougb the formter, they wou'd If-or the lianmge of ahe projectile,, andA MeS-
eventually be braken down. To .tbviate lively beavy or uAmeeg di-sphragm or
this, an, abutmn~t is fotused int this Phell or op.eaisler di-poaeJl in the shell or casing td-
eeawg d to receive the preauD? of the din- isaont to tht mustsle of the fimrear end a06o

i~phnguaa or Spreaders wn the zone of high loivinjr atoenn for the Painge of the soSax premiere. Such abutnwct~t niy be war&- projectile, tiCriTdI or, CISUe having an
ousy formed, but an a nvettieat, ~And imxu- .almtnient to rveest the iorward preaure of
pcnaijwe, but effeative construc~tion, Use "bI s.uch Leavier diaphragm or ipreaiier, when-.
or easing d, afteir the lighte- din phra4,.w or by the lighter diaplu-agmn or spreaders
wws"reaeie 0 bave ben placed thereans, is rremote fromn the tottaxe of the fireiaum are
(orined with An inner circ.urafertntala ndgv relieved of the premure of the bearier die-

Cashoulcier 8', a by spinig and against phragzn or spreader.
suitch abt'rrnent the heavier ;iphragrmas, ! . A silencing device for firearms, coat-
spreadern *1 rat. It will be understood j1Iiung a supportit'g -bhell or Casing, aL seri
Lb"ha the number of heavier or stronger die- of diaphmkmist or i-presiders dispoied! -ate9
phragnia or spreaders em'ployed will depend -h-11 or casn.Mg remiote from the muzzl and
UmPOA this Character Of the guO t0 Which thes4 funning A 4LCX-M0UCM ot Chamber., each of
sileCr is applied Fc~r % ght power gun tedap gians or spruentoaving an open,
it is sufwiet aio prvvidt one .esv,-y, stool d~s ig i.'; t: Ph am of die P-",-04- and

$a pbragm or apreader e', as anowu in Fi 2 foring an iinular cell suetatiy con- 9
of the drawing, but with it gin of hi;We choidI in o t awtioee, ada b-svior die-
power two or more of the heavy ateel din- phrageza or sprrader dispoised in tae Lhell or
phragms or spreaders may be -eqnirv-4. Of .-Asng adja'Cent to the Munkl -f Use firearm
-XIMe the number of the ligher diaphrognis anid .1, Ii viuang "pening for the pamage

S& ci sprieadess einployed will also depnd upnI "'f the projecil and al forming an AO- 4
the chararter of Mee gun (a which the n-. neil-ar cell a leetintislly coneecloidal in crows
leocar is applied and th effw to be pro- ~tuthe supporing "hl or casing hav-
duo*&. In thee comstnrution shown in Fig. 2 i jog an anutasent to raxivy 1 -a pnuaue of
apses a provided within the aehel or ezuing wichi havier 'iaplaesgmni or op. -,ader, whorv-
a* for mrew- than one heavy or strong die- Ibi' the light or diaphi-agina or sp:readers re 105'

pbr~iu orspuderazd aspe orsleve40 eou fromia the muzzle of the firn-.rin aroma%-
itt inttdoid to hold the single diaphragin Ne~ved of the p'r~e-ure of the heavier dia-
or spreader in place. I hl agm or 'presider.

It will be understood thatt this pro% sum & A %ilencing device for firearmiL, can-
4& of an abutment for the hea-.ier dieribragm 11 using a Sul porting *hell or caring, a artes 11

or spreaders is equally. desirable, 'w~~r of" diaphraguis or spreaders disposed in the
the "ienceir be concentric with the axis of -Jori-l or ciming remowte from the ruszzle of
the gun barrel or eccentric with resrpect tliervL- t h4e fireenn. ea~ch of the diaphragms or
to. in thb cornxtrucl ion hhown in the divw- i %prwei~eris formIng( 94~ al.nuWu o-1l %ibatat,-

so Mng, hoirevor, the silence is eccenitric Aned it tiasli Mcwueloidal ine sr~eas~on) and having Ils
thenefoist heeomee denirablot to preside.een a lin .eimg (or the pamsagvef othe projosictile,
fir- reachitj amuiring the accrate al~nentent a~id a hseavier or ftrcsngtr tý:-ephragrn ca-
of the openingi e' ii-. the sevieral diapbra sms -prradrr d;-4ueed ini the shell . ca!,ina ad-
or- aprvoadets with the bore of the gun nr- joe~-nt to the nIeUL1ee of Ishe 6r~ Tandsio

as reLl. 'or this purp'vae, In the coewtruirrion loinnitig an annular reel qubte!a~n+Yilr ova ýý
ibssown Each of the ýdiaphragmsnao si- arundert; chtuedal in crosm toaction and h A ii , VL"44i-
is provideol ;a its cirrumif.-rren w-ith a ker- itig f..r the pa: sapie of teet ieb, tsP,
way, &I 3hown at as -z' Yxg 3 auid the sleet) pi -ztiuiig shll1 or rauinE~ having an inte'ruor
or"neo is provided wiIti.anh inte.-nsi I iicumfer-rital ridge fowrnin¶, an abutinent
eoovenientjy fonaised byv rolling or Iprftzinr~ 1hrogrt -ii- sp.-ad.r. vb.re-ýv the ligbter dia-
11 suitably Lhre ookl into the wuter wvail of pihragmsi ejr spreader* rxtroote frk--e the
the casing. Wiih this iccestruction the din- 'reusile of Ilk* fire-srui ame rrlierv'd of the
pbragms or aprvdce-s cannot be ini ntro -cd prnswure of the Leavier diaphragm or
Lotos the &bell or casing except in Vcesr L'prvaezý Ii- SO
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4. A silericing A~evive for firemnun,u. cohui- j ig a 3bucce.;son of chamberis each of the dia-
pfl.Ling & %o'pp rting %Jlci or raing ard a ;'hrsrnii or %preaders fnrmning an annular
,eriu' of dim phrlagms or qpreadeM di .ur,.s co-ll i*ubstantially conchoidal in eanV44 ~twici
in the shelf or "eang maid fornuajin a futm-s- and l~ixvng ma opening ftcentrically di,-.

9 5 ien of -hanibrs. eac~h of On- tfipl.ra2's jmwrcl for the paitage of the projectil the I*
or spreaders having an oix-ning ecccirie'~lly -hell or masing having an interior ridgV. or
dLitpomwd for the paasuge of thee ;roje-rtilc. lce) and each of che disphragim or sprradtnv
lite ahelt or cainsi heaving not Itiaerior rrdgu, hewing a key-way tat cnipoerste them-with.
or key andi etc k of the dmialpvawtni or This ltpccitkataon signed and witnemed

10 7preafers having a ke-y-way to ON0wifierale this 274h day iet Noiernbcr, A. D., 190A.

.A silencing device for rt mt c IR MPxC'nAXM
pr&Idng a supporting, shell tie rasing anti a Signed in the pre-set"e of-
meries ofdmparagnis car ~jm.r4all<i pomd JuirrmN~a IL .14zix,

If in the suipporting %shell or casing and form- i La%-& E~. Bzaxwrrvao.
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:111amIl muRLiM or Pxzjor". £WITZtAL"2D.

M11vzCS "Wu TEXZV suipaMi 07 TUV RMPOu.? OF rMrazRXu

1,000,702. sposilot lotae LAttiea atw-! Patented Aug, 15t 1911.

ApfillaioUn W" X*reukt 9. 191iL Serial Se. I303.

ll ifi1 wrhom, it may coqc4m: ~ e in'd. ,uhlm'aaiimd am]i it is noade for two).
lie it knuavn lta 1, Ft (ic Titalizt-m, a third, --f ii'. imm'mglm sf hit#. net-nork(. t'me re-

ciotim-rn of thme Sw"i Co(oemosirmtiort, resimding folaimniiing thi"Iim bis.go, 41 Aisnt na-t.',. Thme
at Fribourg. of the Switit (Cnnf~irernti o, dis- , a'Ire toniciliv enla-g-t-d tssward the

a hame inv-ented .rrtain flow and us-4-fsl illm- fti-sitm ei-i. Th.11w I;I1riin n-ar pull'. air till ea
jrovernins. in IDavive., for fltie~5I .1411 remonlf uruewd ttjsa~rJ liT-- wis-rs t, amid c'on~liltatv
mf time Iteptir miof Firtearnis. cli wiHi I tile fllt- lopellief 1 t-mmmi ftso ithe 1111144-1.1 1'. Till'

iow~itw is' a t~lecifical ol"l..Imt . .1 iaa; C at Iif. "riist e-mij isor -lAm
Thais invention errlate's Fs d-i-6-,es I )r fv-n.c. t iar.m~mm olob s pa.'-- (wsmr nftlw / limm'i

10 offing mCu vit-~oat It( firr--a2-mL~ Ats~ilm till Iti.- 4mjs min 'p 1111M tiis -1114 ervilag to~
to tlimisa inventiaon time ruserqn' A ith It hich tihe ;:miama~inli thme 4lri-%es J at a givedn d.:i'fam
gawwa of cvinihAion travel is dm.,tm-ued 1y fromin s-act t~hmr hit. that s-adi two succ.44-e'-

C iding m'.id gaimmem through a certain' nuni- ing Ivrtre' fmrnas to ciarm-es passage for trio
iwof cmanmlernm which are arransgedi at a cvoumprt.-'sd gm-.- Thse o'ise e' is l-urrvoun-let

If certain dasi.-'cm. sport the one beisinrvhe lb.I- a =--^-nd tamia' j~ of a greater thammma-imr To
other and wtoa-- have pa'mgayo (-or the pru. timer. e. nIII# poisationm of m ithih is recrostaris
jectile. Thme gasest are ti~w' dlm-its~te frkman tAit r'tirii to tbe -- n*msiawsm axis of tile tublu-
tihe t *rajectncrjr and inade I-) exiiastid gm-ner- lar dm.em. . Thisi tumiw oJ it; prfsmr-attcd .t
ally to itad C14laamnhe thea fir-'t pcmt 9' for t-nm--timird of its 3m ngth.

so lime deviees accoording to) t~is invention A thmarvi Itai- A ixerii..raasd at ius rear part 75
differ front litidevric-es of kno~wn t-m'and (sr one-third of it- i.-m-tstl Nuarrounmisafile
srving for the ,..ane pairpmese by the ar- tamise ,r. Time 'Jart tat'si-n v, and A m'. filed

rangronent that the bAid espansion'cloamniwter fle im~winL-,; .4 ntlm.'. Nut-li as aluinimamiumm.
bute the -halw (if clsrin-ic~t.al r whic-h arm- III..- (I ~ m~sf Oil,- '.ui ". k al-em c'tnlris-

S& mounted in a caising lime rmar end of whimm'h I% i li r. rsni oin tIm. a m-s tif file ,sta-rmcs. -4n -ýI)
is tsrrA'ratosI or fm'rzmmd s(Pf a-im gauze for 1ith~tl zm themt 0mmc time d wri-mam for
f tf itti Iengh. The inner caitsig is fur. R G%' ssmm'lfint-sr".
ther inchm~s~ in on* oar nvmorm- Inim~tial"m tih.cim -IL, fin lii r,)1(, ramd ism- time .nm~r.o

3a re alterrmate'I~- perf-srat-d as fihe frmmamt mat ,u:. a- -l-loa n 6Y tife trramw,. 'jima ;slijtvtile
2attime tm-ar end. 'lme a-A. Wimad arv c-m,an-'. P, in I-am inj! the1 ki-rri-I b, eimter- into thme
ptrm~sd at a I-try lig degree of prv-'emmre ivomwml Issitiom'. Im' the IiarrOW 0Xtr.amit ms-s
Witen they' am e trrieae w hso t,4.%r iýV:Il h"llI h

Jib the acvsammajsanving dirawinmg. ma ulila imf( tlest gait s.-. .p- titma-mblme nakri'ow Oipen-

excuion of theolomve 4. ali nmnlelam - wL~'-, ofI,,ir,t.f or incai 114 #fi
40 Fg re -rpsr.ýramta a horivimvtal Im-tigi- 'mm-icr.- it., L%,~ 1; lir'' -!tts- fromm em 'wmamding 9

todulmvio f timt aploaratu,. rimg. --, imistaimlli owwa; oil file Iilm1.tg of fix.-tat Jmam -
show a -er" imooz als-wr ubh. line 11 -11 1" f". thss ve-cilwq of mzm-. tisrassigh ite r io-m-n
(weFil 1. ICm-.m 3 an,! j lisa-. mirferreae I fl~'N in Ott. fill- A fakj-e plain mamlimomit any
to the ela l b.ofth diems shomwn an Fig's. r'-;sort 'Ile, 1-ý ml all -f the. fmsrwmrs- p~am-:

.61ad? ig- ill 7 bbintholie dImi.mit o iI, n (i c mIt~- m k-%lint .h 1m-t frk n n siler- 100
tharae rnoi.ifi(a!ju~n,. ifi Iim5 :s~-.-, t- d 011;%. V-rap.na low the ven-

he -rsmmtr nFg.. o4lmi ?m-a? 1.m:sc) Woless h-t's.-,!4. I line nwoare
a maer s h internal dimans,orr of "wtmih ma el, nrm'att t,-. 'a frrn of time bi.'s-ms. the ir..a

"odIcthe owter diametaer -.4 the bmarreli I.. the ig_ -ill IsI t-mi-mm m -imcrrmle into the
60 An aflgtilar alast o' 1mgi 31 ami the fretns- , Amd & t- -r0- l-rc Irs., t ImIr. (

otto tv re t wr to fix fime do% mc. to the -.-.... 1. 01 Iinst 11Cts- misse e 'is'- 141
barr-el lo, scaid molsm Iimeni isu~ls.IOint er aim. I tssmi.'i 0,#. ; 1 ,s f tie mi.-' q at m)(I imirsier

sihc. Viae aitaermur otftile apiparatt., ma Jmal mmrm mm !i (61 o--'m of a few nm'l;-
provided witha a ars.m bf tuhb-dat ailav-as- 4 owl-rr' 4tlsrcn oamid i uviijm ma npi-*-raarv

8# placed co-axialy in time tube o- Thua tu~h. low ai64 trxt peaaagw of this gaat aromiamd the 110
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9 1,000,702

tube e. If this tube werv to t,)uch the tube tIbc projectile by nseaniw of wets&.utire~evtile resut. would he a pressure ona thae pa.- iiieaas smhich fo~rm a channel for the pa~am~ga 2&
p'ctahe C.111z~ing tile some to Aleviate. of tlap p!'Ojectile. Comprinuing ini combination

Expera'.iaentas hrve shown~i that theo reo'il A z'ertalfA $lumber of Cle"Ients eonsastalag; of
to(f a 1;un fitted with the aboic de?.crdib2 ala.- icion -raI slcevc, u tube inclo--iaig iaid Oe.

V ue s oil y %ory ,Slightly diraiiniNsihei, the utt-tats and pearforiated fo two thi.di of Ati
automalitic kicoia~ing, by recoil could Itacrr- lvaagtha fronatlaue front end to the rfer, an 50
fore bie ftor'vsM'.eletau-c cUsin~g surrounding said tuha and

Fitz. 5 sIaowe5 a naodJiliell toaasraactino PC- C"I caipy-y-~d of tive tubes of which the inner
10 IaOt'lifig (UP i.hi.h elat taabajtir slereaic are a.maa ui ierror~Atei r~t the front part about one

daffe.rvitatly shalai'd thasia ir, thla first itaisliaae. thiard fat iL'i lca,,th, Whe outer tube, being Twr-
Acod'n Io Fi' 0 (lie tulxM g on 1la6, de'- fasteqi sit it.. rear Flart for Axout, mne hird 30

waehs eel Suppressed. Thae entire space of it.% leaagila wild a filling otflieatil aIhawizags
betvaeer tile tu"e e' and h' r.; MINIe with in thelae j'betwoWn% sdt ubes ZiAwt~anr.itily

16 w~e~al twhavitig-. A net--Aork A, hasq llen a'., decs-ibetl and ihiown and for tile purIpnoe
aple o thn, insisde of thev lx.erforate4 pur. w~t forth..

tion of th~e aalle A'. Fig. 7i Ohows %lots A, In %%line-% uihereof I have bereaanto sift 99
provided in the tube A' for list ftcape of nay hind in filec prewnce of two WitnesyWq.
tile gas. V PET U L .

20 1 citim.-- U E ET U LI
An imparoved de~vic~e for leiseraing tile a-r- Wiitne-Ses:

port of fire-arms in whicha the coanpresa-d ALsek-r Dri ,rm~w
gases asre deviated from the trajectory of If. C. Cozr-
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TI'-a"latLon; Patent No. 6,29404, "Silencers for Hand Je•.p,?ns"
Issued to Hans Eissfuldt, 13 March 1933, in Germany.

Sileneera for hand veapons are already known. Geuerally, they
consist of an elongated hollow cylinder with baffles, which eithe-
partition the chaMber or close it off from the atisphere by us.t of
elastic washers. Either way, good results are not obtained because
the noise, even thwugh somewhat attenuated, al-ays remains.

In relation to such silencers, the following improvement and das-
covery is contained herein. The inner chaabers will be completely
filled with a porous material, such as viscous sponge, rubber sponga,
or a 9tlar mcterial. This material offers no resistance to the
passing projectile and closes Imediately behind it. The gas follow-
in& the projectile will be forced into the many small cavities, where
It will be delcyed prior to arrival at tte closing washer until ouch
time as the projectile will have passed through and the washer will
abve closed. In this manver, a suLatantial attenuation of the noise
will be obtained.

The objective of this discovery Is illustrated in the following
sketch.

Fig. 1 shows a longicudinal view cf the silencer in which the
wlls, d, separate the hollow cylinier into separate chambers. The
chaaJver, b, is filled with porous material, followed by packing washers,
c, and the elastic closing washer, a.

Fig, 2 shows the view of the muzzle of the silencer with the
notched closing washer.

Fig, 3 shows a view of the silencer end attachable to the barrel

of the wespon.

Patent Claim

Stlencer for a hand wapon is described as follows. The closing
packing washers in front of the hollow cylinder are to be made of a
materiel MJnch is capable of closing the hole produced by the passage
of the projectile. One of the divided chambers of the hollow cylinder
is to be completely fllIed wiLh rubber spouge, viscous sponge, or other
similar porous mrteriil.
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Zu der Patentschrift 629 404
Fig. KL 72 a Gr. 28

A

Fig.32

(01
Amngiehi # ',,mp B

Flexible baff les and Sponge Rubber at the Silencer Exit
Geixmix Patent No. 62940)4
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UNITED STATES PATENT OFFICE

Wunes P. ha.... Wat Orange. It. J,. sasiewe"I BtuI ?elepf.. "Ilhrlarat"IM Inc ea""ed.
Now York. M. T., a ceejo*tle at New 7ork

An.mtM Odeteer 26.11044. "NIs No. 11"A41

2 Claims. (CL 85--14)
1 2

Wb' inventlon reatcs to fireartas and more chamber having a rear section 12 and a front
peitl'ctlerli to a silence for reducing the mwzze 4ectioa2 21. both eonlalistna heat absortitng ma-

blast.ttrrial. throughl which the bullet passes with m~n-
lb. Principal object of the Invention is to fmuin cleafance. The side wall's of the rear

nfdiaee the 93oise asiocitted with the muzzle blast 5 zectlion 43 are forined by the metal tube 14 which
ef a firearm-L Other objects ame to reduce the is securely fastenci at the rear to the apertured
weight. size and Cost ot a silencer and Improve end piece 11 and at the front eod is Internally
&be stiability of performance, threaded to receive the ap~rtured conne-ctor IT.

Important factors In silencing the muzzle blast The heat absorb~ng material In the section 13 Is
of a firearm are the rapid cooling of the power 10 In the form ol a number of annular diecs 10 of
goUf andi 141- reduction of pressure before they metal screen stacked on? upon another and held
emierge. An effective silencerr utUl-=g these in compre.-slon by the connector 11. The end
p1inciPles ecomprises a chamber containing beat plece I6 Irictudes as an integral pert thereof a?.
absorbing mateflal through w'hich tMe bullet intern-xlly threaded collar It which scriews onto
PaLSe. The effectlverses of suc-h a device de- 15 the threaded mnuzzle of the barrel 01 to ho~d the
Penda. among other things, upon its croax-sec- silencer It securely in position.
tiona area Applicant has discovered, however. The front section I I comprises a metal tube 2 2
that the Importance of haying a larg &rose- securely attached at its rear to the connector 11.
sectioal a&e diminishes considrabl towa" the threaded At It$ front end to recietwe the annuxer
front end of the silencer. 20 en~d piece 23. and fiUld with annular dl-cs 24 of

In accordance with the invention. therefore, metal screen. A forward sight 211 Is provided
the Chamber has at its front end aL section of at the front end of the silencer It. In order to
reduced crem-secTlonal arm. Weight. size end save drawing space parts of trie sections II and
004t are red*uced without seriously affectin: the 21 have been removed. 11Iss. 2 and 3 are cross-
efficiency of nioise redu~ction. The silencer may 23 sectional views.
be built as an attachment or, pref-"vbir. the re.- The effecitveness of the silencer 19 depends
portion of the chamber may be built around the upon Its length and cross-sectional areav. How-
barrel of the firearm, with comnmunlcating holes ever. applicant has found that the cross-settional
through the barrel. The heat akbsrblng material area may be reduced at the front end of the
may be mnetal screen, which may, take tie form vt silencer without a proportional reduction In Its
of apertured th~cs. stacked onte upon an: flher and ability to silence the muzzle blast. This l.t due
preferably held in compression Platng the to the fact that the powrder gass have %dready
wcreen with some metal such as Uzi before punch- been considerably lowered in rtemperature and
lng the discs will Increase the stabillty of per- pressure before they reach the front portion of
formance. 34 the PlIencer and so It takes a smaller cross-

Tbe nature of the Invention will be more fully sectional area to cool them a given additional
Understoiod f rom the following detailed dea,-rip- amount, Therefore, in accordance w!'h tWe In-
tito and .by reference to the accompanyitig ventions. the front section 24I has a smaller eros..-
drawintia. In wAdch like reference characters refer sectional area then the section 13. Furthsriore.
to similar or cojrresponding Parm a&d in which: 40 the original ieMclency may be restore.d by a coin-

YUe. I L 0% sie vire. partly in section. of a parative,y sl~irht asedition to the length of the
silencer In accordance with the tnvention at- silencer 19. Thvree results however, a consider-
tached to a firearm: able reductio In i,-elght and volume. This re-

Pigs 2 and 3 ikre croins-siectiorial views, to lamrgr euces the coat, of the zilencgr and, more Iimport-
scals'. of the silencer of Fig. Itaken alog the " ant It. improves i-he balaxwe of the firearm.
hnce 3-2 and 3-J. respectivitly: Pigs. 4 and 5 *.Sow a modified form at the

PiV. 4 Is a side view, party In section. of a silencer if to which -he rear section I4 Iis built
enoodifted form of the ailener of Mtg. I In which amunud the barrel I I of ~he firearm it. The side
the rear portion of the chamber is built around wails of the section 21 are formed by the metal
th.- barrel; and 50 tube 2S which is closed at the rear by an end

Pig. 6 Is a cross-sectional V'ew. to larger scale. ptece 20 securely fastened to the barrel I I a!:d
of the silencer of Fig. 4 t~alen along the* line &,-%. at its front end by an. apertured and flanged

Fng. I Shows one form V! the silerwer 10 aL- metal .lec 31. The section 21 is siibstant&iay
tacheti to the end of the barrel I I of a firearm fIllied with heatt abeorblna mnaterial In the form
It. The allencer III comprises a cyllndricAl 48 of layers of metal screen 12 wrapped around the
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barre II. To permit the powder game to eCtW L A glamfor tAmsm fln mn cpdito aeelaber
eta aoetlcn 21 ther are provided ah manner of muds, pharalltif afnnular diss of RAW si mc
bole as through the wall of the barit I I. flae WaUMet"e within aid Chamber taUsnrsey wflh
,~n. tor utar~pl. be drille and, as shoWn. aO respct to the IoMOU1bntima arts thereat, "i d'sc
arranged in tour row, spacd 90 degrw apart. 0 beiW stacked -M UPon another isf COMM"-
TIM dlstnzw of the Anrt hots U fromt th breach soAw and ahut~antsly SlKW sai cbawhr a--
of the ireamu It lamgely determines the MUI*d cep for aL p-oagwsy ther-rmwl prOmt
velcity o~te bullegt, mwumng a give neighrt (t onW Munimum clearanee fora waist.
bulle and a, sWm powder charge. It baas 2. £ sllrwer tn accordance dli clot I t
found that, in order to save weight, the oatr` 16 Which Said dicta mm plated wItM tan

N dmeter at the sandard b"end may be huncd wawsnw P. WAS".
down somewhat without undulY weskenirg it.
As shown, the srctn JIT may be cccentutcally ACZJECUSH am t
seated, with the auger part under We* bent 'Tin fofloving relerace are 40! zUwd to tbe
11, ao that it map be of lazier diameter without 1# mes tat.ti potent:
intfanring N,- V h the line at sight.VIO&M A Ml. fmt sectwtu Ut ,Mpu UIlE mewr tAubeT
86 internady Utresied at Its rear to acre aunto the Rumba pas" Ihee
threaded end of the barrel 11. internaly Uthreaed 221J1 Tethe M ---- Nay 4. 1116
at Ug front cnd to recr the annular ad pieceM 1.000.70 Thurlur Aug. 311. 1911
M3,; 1nd111le with annular disco 26 ot meta LnM= Humn------ -------Feb. 2. 03l

smenm 1.173lY Thcmtmm - - Wb. 2, 113t6
The bcee isreerabl plted Witt same Meta 1fl2Oj75 Thompson June 12, 1617

met., ter exampWe ma tin befont the dir. Of and t,221474 Mas eb. 17, I=0
flare punched. It has been found that this Will a 1.40.110 Mania VOe . ismta
bawdey overcagne the tendevcy of the discs to 1.497WU Dickman ------ Jani 10. 1gi
deVeop loos wire ends which uW sla cui~enstllY 1,5726 Paradire- --- Oct 6, IM2
eaoe into conmtact with the bullet -s It psame IAU36.4 VOW. DM 23. 1621
through them and adversely slfeet the dlsperSion 2^.04371 Bourn J" 91 Ism
pattern The boles In the dlse ii and 26 Are W FORSON PATDTSII
pwetrably Made only large erns to Inns'
elrsreifa for the bullet Ktaftb Country Thte

Wb W ati claimed is: $10.11" GerMan BSP laps z, 19
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3.l31.~ft tPhr Itiri,,C, ..lt-o,ls of a finle to Wishkh the anti-r.Vloil NI utf
jiii.lttf .,It.iitnwentuI of k. invention bxis Nenl appi~ed;~

I~FIFARN4~.I '17ilif AUFTACIII .IENT AN) iIROIIK4 1 (tt'2i smfi'ti fte iucait0 h
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A PPENDIX F

RELATIVE LOUDNESS OF DISCREET SOUND PULSES

Presently there existi no analyti,:al criterion for estimating
loudness of a transient sound signal from its pressure-tirnc history.
The usual m(ans cf measuring and specifying such signals is by their
peak SPL's. Since loudness of a discreet sound signaU is's also timn
depenaent, it is iinportant to re-examine the qva~litazive signiftcance
of this depende.ice. ', he innst reliable and revealia:g dta are to be
found in the co-•,,.'' used equal-loudness-levei contours for con-
tinuous pure toaes. T& The 'requency range below approxirn-tely
200 cps is of lttle use here, sinice the single cycle tine periods
of these tone are well above that to be found in small arms so-ind
signatures. Wit•lin the f'requenry r'ange from 200 to 8000 cps, the
lovdness level (phone) of a pure tone of given SPL is approximately
ind-.pendent of fieqcency. Above this range the loudness level de-
creases~to a first approximation. directly with frequency. All
attempts to exemplify the human ear by a damped spring-mass system
"seem to fail in explaining the above frequency-!oudyiess relationship.
However, through i:;ductive reasoning, the whole loud::ess level Spec-
truni as described above, can be reprsented by:

200 < f <8000,

LL o Z0 log Pm. phons (•)

and
f > 8000,

V~m -30 /! "8 0 0 0

LL ev 20 log . 3 00- , * phons (2)

wherc

LL = loudness level in phons;

pln = peak sound pres-jure;

f = pure Lone freq-.,'ncy, cps.

rThe prrstsure-time arei x.t) cf the positive half-cycleo of a sinus
oi'jAl tone in
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A =rn . p(/?-) (3)rrf IT(3

where

T/2 = I/Z1. half-cycle time duration.

Thus, the loudness leveiz can be defined in terms of the recurrent
character of the pure tone i. e. ,

200 < f< 8000, LL, 20 log Prn
.0002 

(4)

f> o000, LL u Z0 log Pm 30 AO, A

.300Z -3 w

Or, in terms of the positive half-cycle time durations,

200 <f< 8000M Llci 20 log PmM
060Z (5)

f> 8000, LL f 20 log Prn (Tl/Z)s) - (T/Z)

where

(T/Z)8 0 0 0 = l/Z(8000) = .063ms

The last equations indicate thai:

1. Up to approximrately 000 cps, the tone loudness level is
essentially equal to peak SPL.

2. Above approximately 8000 cps, the tone loudness decreases
almost proportionately to the tone's half-cycle time duraption,

If the same conclusions are applied ýo the singular sound pulses,
their loudness levels can be expressed by:

•063 ns < t < 2. 5 m.4 LL sz 20 loR .000

t <.063 ms, LL * 20 log Pm . 063 - t)
.0002 304o3s
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where

t = time duration of the sound pulse in me.

This suggests that the loudness level of a soutd pulse longer in
time duration than 4ppruxitnately 0. 063 millisecond is numerically
equivalent to the peak SPL. The loudness level oi a ;ound pulse
shorter in time duration than 3. 063 millisecond decreases approx..
irnatelv as its time duration. This is partially borne aut by the
records of silencers fired at Frankford Arsenal and partially by the
widespread tendency to specify transient soundu by their peak SPL.
Aithough qualitativelysignificant, to date the above equations are
based only on a somewhat boldly assumed analogy between transient
and continuous sounds.

It is interesting to note that the "1loudness level" (phons) is
not representative cf how loud a signal sounds. In other words, the
loudness of a signaldoes not double with doubling of number of phons.
The true loudness is represented by sones, which are related to
phons by

L = 1 ,.033(LL - 40) (7)

where

1, = loudneso in sones.

From previous an¢-lysis, if the sound pulses to be dealt with
are longer than 0. 063 millisecond, the loudness in sones can be
represented by,

L 1 0 "033L([•Spum)pax- 40]

which is dependent only on the peak sound pressure level. A plot
of loudness (L) vs peak SPL follows. Here may be seen the true
relationsthip between peak SPL and how loud the signal actually
sounds, As an example, a signal of 102 db peak SPL souxds twice
as k•,uc as a signa; of 90 db, since the latter is half the number of
sones o,. the fi)rmer.
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